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-1.0'INTRODUCTION .

This Appendix of the Rl report presents the overall approach and the results of the Computer Mo‘deling
efforts performed at Bethpage Naval Weapons Industrial Reserve Plant (NWIRP) at Bethpage New York,
which were conducted for the U. S. Navy.

‘Bethpage NWIRP is located on 108 acres in Nassaﬁ County of Long Island, approximately 20 miles east -
of New York City in a highly industrialized area. Grumman Aerospace Corp. (Grumman) leases property
from the U. S. Navy as part of its Aerospace manufacturing activities.. Figure 1-1 shows the jocation o_f'
the NWIRP site. The histories of the NWIRP and Grumman facilities are discussed in detail in the Initial
Assessment Study of the NWIRP and the RI/FS Work Plan prepared by Geraghty & Miller.

Grumman utilizes} ,14 high capacity pfoduction wells located on the facility for air conditioning and non-
contact cooling purposes. Water pumped from these wells is returned to the aquifer via several recharge
basins located across the site. The Bethpage Water District (BWD) operates water supply wells to the
east and south of the Bethpagé NWIRP. |

11 OBJECTIVES OF THE COMPUTER MODELING

The modeling investigation is part of an overall RI/FS program designed to determine the locations of |

any potential sources of conta,mina{ion' on U. S. Navy property.

The general objective of the computer modeling was to provide data on groundwater flow in the area of
the NWIRP and the potential flow directions.of contaminants. The specific objectives of the Rl computer
modeling at Bethpage NWIRP are listed below: '

To providé a general characterization of the subsurface conditions underlying Bethpage NWIRP,
To develop a localized flow model which accurately represents groundwater flow in the area

around the Grumman site, ‘with an empﬁasis on the groundwater flow in and around the
NWIRP, and | ‘ |



i t:

To model the flow directions and rate of travel-for simulated ‘contaminant releases undera "

variety of production well and recharge basin pumping conditions.

. As part of the FS program for the NWIRP, additioh_al computer modeling will be conducted. Objectives
for the FS phase of modeling include | ' | ‘

Utilizing the calibrated flow model to determine potential contaminant transport directions, and
Using particle trabking and contaminant transport simulation for evaluation of remedial

alternatives for the site.

e

1.2 ORGANIZATION OF COMPUTER MODELING REPORT

This appendix summarizes the development of the Rl computer modeling efforts and presents their
résults. The repoﬁ is organized into nine séctioné. Section 1 provides an introduction tb the computer
modeling. Section 2 summarizes the hydrogeologic conditions of the site -area. Section 3 discusses the
modeling approach. Section 4 discusses the cpnceptual mo‘dél. Séction 5 summarizes computer code
selection. Section 6 discusses model calibratiohj. Section 7 discusses model validation. Section 8
discusses the particle tracking performed at thé;vsite. Section 9 summarizes the sensitivity analysis
performed for the site. Section '1'0~provides a surﬁmary of modeling activities and a discussion of model

limitations.

1-3



'2.0 HYDROGEOLOGIC CONDITIONS

Bethpage NWIRP is located in west—central Long Island, which is underlam by approxamately 1,100 ft of
' unconsohdated sand, silt, clay and gravel sediments of Late Cretaceous and Plelstocene age These
~ unconsolidated sediments are underlain by Precambnan_crystalhne bedrock, which slopes to the south-
:southeast All of the geologic units dip |n thesevdire‘ction's to varying degrees (isbister, 1966) Three
aquifer systems are present within the unconf ned sediments. In descendmg order these are, the upper

glacial aquifer, the Magothy aqurfer and the Lond aqunfer

21 AQUIFER CHARACTERISTICS :

_2.1.1 Upper Glacial Aquifer

The upper glacial aquifer is composed Ofﬁf ne to. coarse sand and gravel‘outwash deposits. In the
modeled area, this unit is the upper-most hydrogeologlc unit. This un|t ranges in thlckness beneath the o
site, with a total thickness of less than 75 ft. therature sources estimate hydrauhc conductlvnty values
of approxrmately 270 ft/d and vertical hydraullc conductmty values at- approxrmately one: tenth - of
horizontal conductnwty (Smolensky and Feldman 1990) In the majonty of the area encompassed by the

'modelmg grid, the water table lies below the bottorn of the upper glacial aquifer.

2.1.2 Magothy Aquifer -

The Magothy aquifer is composed of fine to medium sand, with many discontinuous clay lens present = -

. throughout the aquifer. Fine grained sedirnvents are common in the Magothy aquifer, alth_o'ugh no clay |
lenses of regional extent were encountered during the drilling program at the site. The lithologic.trend
observed during drilling is a decrease in ‘the ave'ragetgraini size with increasing depth.” The Magothy
aquifer has a reported thickness of approﬁtimately 600 feet beneath the NWIRP. The basal portion of

" the Magothy aquifer is reported to consnst of a hlghly permeable and productnve gravel (Isbtster 1966; -
Geraghty & Miller, 1990) ‘ '

2



Horizontal hydraulic conductit/ities for the Magothy aquifer:h'aVe been;estinftated at"approximately 50 ft/d, -
with decreasing .vertical hydraulic conductivity with depth compared to the upper glaci'al aquifer.
Anisotropy has been estimated at approximately 100:1 '(Smolensky andfFeIdman, 1990). The upper
portions of the aquifer are unconﬁnedwith an“inc‘r.easing degree of confinement with deoth (Iebister,
1966). The Magothy aquifer is the principal water—supplying aquifer for the Grumman production wells
- and BWD wells. Water returned to the aqurfer from the recharge basins at the NWIRP is beheved to
move through the upper glacial aqunfer and recharge the Magothy aqulfer whrch contains the. water table
across much of the modeled area. The Magothy aquifer and the upper gtacual aquifer are regarded as
a common aquifer because they have similar lithologies, and no barrier to downward flow exists between

these units.

2.1F.g Raritan Fomtation

The Raritan Formation underlies the Magothy Formation, and the Lloyd Sand Member of the Raritan -
Formation represents the third significant water bearing system in the area. The Lloyd Sand is separated
from the Magothy Aaquif.er by the Raritan Clay unit, which represern'ts the tiret regionally extensive barrier
to downward movement of groundwater. The Raritan Clay may range' in thickness up to 175 vfeet thick,
with vertical hydraulic conductlvrtles of approxnmately 0.001 f/d (Smolensky and Feldman, 1990 Isbister,
1966) Due to the thlckness and very low conductivity of the Rantan Clay, and the fact that the Lloyd
sand is not a major source of publlc water, the top of the Raritan Clay is consndered to represent the

bottom of the groundwater flow system for the area around the NWIRP.
22 GROUNDWATER FLOW

Most of Long Island is bisected by‘ a east-west trending, regional groundwater divide. The NWIRP lies
to the south of this divide. The groundwater beneath the NWIRP predominantly flows in a southward
direction (towards the Atlantic Ocean), although the flow directions are greatly rnﬂuenced by the
‘groundwater mounding which occurs at the recharge basins associated W|th Grumman actlvmes In
addition, groundwater withdrawal from Grumman productson wells have a pronounced influence on
groundwater ﬂow directions. -The productlon wells and recharge basms operate in various pumplng
combinations WhICh makes their effect of local groundwater flow direction subject to change The NWIRP

occupies an area of recharge with vertical hydraulic gradients having a downward direction (Isbister, 1966).

22



23 GRUMMAN PRODUCTION WELLS AND RECHARGE BASIN ACTIVITIES

As part of Grumman activities, fourteen'production wells are operated for non-contact coolihg and air |
conditioning purposes: Numerous recharge basins located around.: the site recharge water pumped from -

the production wells to the aquifer system Figure 2-1 illustrates the location of Grumman 'production
| wells and recharge basins. Prior to 1984 some Plant 03 productlon -line rinse waters were dtscharged

directly to the recharge basins and may have contarned chemicals rnvolved in the manufactunng process

Interviews with Grumman personnel indicate that water pumped from production wells to re'charge basins

follows a consistent pattern. Production wells PW-8 through PW-16 are north of the Long Island Railroad

tracks, which bisect Grumman property.“ Water produced from these northern production w’etls.,,is I

recharged to northern recharge basins ‘(outfalls 004 and 010). Water derived from southern product‘ion
wells, PW-1 through PW-6, is recharged via southern recharge basins (at outfalls 005, 006 and 007)
Monthly records of total pumpage from these wells has ‘been recorded by Grumman, and thls monthly
pumpage data was used as part of model calibration and model validation. The majority of water
pumped by Grumman production wells is retumed to the aquifer by recharge basins, although a loss of

water may occur due to evaporatron from the recharge basins and water d|verted off site to sewers and
water treatment plants. '

The total amount of productron well pumpage and basrn recharge is cyclic wrth an mcrease in summer
months when demand for coohng is greatest and a decrease in the winter. Pumpmg data provided by'
Grumman indicate that productron weIIs pump a mmlmum amount durmg February and a maX|mum

~ amount during August Production well rates may be as hlgh as 1, 200 gpm
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3.0 SUMMARY OF MODELING APPROACH o Eeg L

31  DATA COLLECTION / ANALYSIS .

The first portion of the modeling process is to cdmpile the existing data. The available, relevant data
regarding site hydrogeologic coriditions'f ‘and groundwater quality was collected and reviewed.
Groundwater elevation data, meteorologicél bondi{ions, pumping and recharge data, and well location
data that was required for model _acﬁyities was identified and obtained from Grumman, state, and Federal
sources. To more fully define the équifer parameters at the site, two pumping tests were conducted at
the NWIRP. For pumping test _#'1, the intermediate well HN-2712 was pumped at 448 gpm, and
drawdown was measured in 10 observation wells. For pumping test #2, the deep producﬁon well PW-11
was pumped at 896 gpm and drawdown was measured at 9 observation Wells. A complete diséussion

of the results and analysis of the pumping tests is discussed in Appendix E.

"3.2 © CONCEPTUAL MODEL DEVELOPMENT -

A conceptual model of the groundwater sy‘stem was developed from information gathered after the data
collection phase. The conceptual model identified énd incorporated the key hydrogeologic characteristics
at the site, potential contaminant source information, and locations of the BWD water supply welis in the
area. In addition, t_ﬁé“’?é?lidhéwl"é for assumptions and simplifications made to the natural site conditions
were reported and described in the conceptual n;lbdel. '

3.3 COMPUTER CODE SELECTION -

A groundwater flow modeling code was selected for the modeling project. The computer code selected
for the project must be able to incorporated the key aspects of the conceptual model, and must have

been-well tested and verified. In addition, particle tracking and contaminant transport applications must ™

31



be supported by the groundwater.flow model. - - . o
3.4 FLOW MODEL CALIBRATION-

The site wide flow model was developed by configuring the conceptual model into a format which is
compatible for input into the flow" model and entenng initial values for aquufer parameters into the flow:
model. The model was then calibrated for two steady- state pumping conditions, and two transient
pumping test simulations. The flow model was calibrated by adjusting initial values of parameters, such
as, vertical and horizontal hydraulic conductivities, storage and boundary conditions. Calibration
continued until the water level elevations at 61 monitoring welis (in steady-state simulations) and the
modeled drawdowns (in transient pump test simulations) were adequately oomparable to measured

values.

35 FLOW MODEL VALIDATION

The calibrated model was validated using two steady-state pumping conditions and 'resulting water
elevations which were not previously used in calibration. For each month used for validation, the
pumping/recharge rates. of Grumman production wells and recharge basins were input into the model,

and the model results were compared against the measured water level elevations at 61 monitoring wells.

- 3.6 PARTICLE TRACKING

Particle tracking was performed to determine the possible directions and rates of contaminant movement
following a simulated contaminate release from potential sources. Particle tracking was performed under
a variety of pumping and recharge conditions from a variety of potential sources. This approach allows
| for several potential release scenarios to be examined. An analysns of the rate of partlcle movement and

the three dimensional movement of pamcles throughout the aquer was also conducted

3.7 SENSITIVITY ANALYSIS



Sensitivity analyses was performed to determine how sensitive the model output is to changes in aquifer
parameters. The sensitivity analyses involved changing aquifer parameters by incremental amounts and
evaluating these effects on model predictions. The results were used to quantify model accuracy and

model assumptions.

3.8 SUMMARY OF MODEL LIMITATIONS

All computer rhodeling simulations are subject to error due to simplifications in the model, which are
necessary in order to simulate complex natural systems. The impact of these sources of error can be
. minimized by realizing what may contribute to error in modeling results and performing sénsitivity analysis
on the developed modet.~ Potential sources of model error are identified, and the steps taken to minimize

error are discussed.
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4.0 CONCEPTUAL MODEL

After compiling existing data available for the site, a conceptual model was constructed for the site. The
conceptual model identified and incorporated the key hydrogeologic characteristics at the Siie, including

contaminant source data, BWD well information, and other factors which control groundwater flow. -

The conceptual model for the study area |s summanzed in the foIIowmg subsections which descnbe
Areal and vertlcal extent of. the model gnd
Model Grid dimensions, = . _
General hydrogeologic conditions in: the model area,
. Initial estimates of the hydrogeologic parameters, and

Boundary conditions.
4.1 AREAL AND VERTICAL EXTENT OF THE MODEL GRID

The purpose of the modeling was to defi ne the flow of groundwater in the area encomoassed by the
NWIRP Grumman property and in the surroundmg area. Figure 4-1 shows the area bemg modeled, and
the finite-difference grid used in thls study. The location of the model grid was defi ned in order to
‘maximize the grid density within Navy property and encompass the BWD wells to the east of the site (BP-
7, BP- -8, BP-9), the Hooker-Ruco site, and: the southern extent of Grumman property. '

‘The northern boundary of the model area is located appr_oximately 2000 feet north of the NWIRFh This

location was chosen because it enco'mpa'sses all Grumman production wells and lies north of the Hooker-

Ruco site. The east boundary lies approxlmately 4800 feet east of the NWIRP and was chosen to - |

provide full coverage of the eastern BWD wells (BP 7, BP-8, BP-9). The western gnd boundary lies
~approximately 600 feet west of the NWIRP and encompasses the Hooker-Ruco 5|te To the south, thev
boundary lies approximately 3000 feet south of the NWIRP, and was located to encompass all Grumman .
property and southern recharge basins. 1:'he model grid is oriented so the east-West sioes of the grid
boundary are paraliel to the groundWater flow direction in the area. N |

: e .
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42 MODEL GRID DIMENSIONS -

4.2.1 Horizontal Dimensions

The block-centered finite-difference grid for the s‘ite covers.a 11,300 by 12,800 ft area, as shown in |
Figure 4-1. The grid consists of 53 cqur'nn.s and 63 rows and contains 5 layers. Grid line orientation
was designed with columns parallel to the normal (noh-purhping) groundWater flow direction in the area
.covered by the grid. Due to software and computer memory limitations, the.re' are a finite number of
nodes which can be effectively incorporated into a computer model. In areas of ivnteres_t, node.s are more
closely space to provide tighter coverage of that area, while larger node spacings are used outside the
area of primary ihterest. Grid spacing has the highest density in the section. of the grid_whi'ch covers the -
NWIRP, where each node has a length and width of 100 ft. The consistently small size of the grid
blocks allows for a detailed evaluation of potentiométric heads and groundwater flow in theSe-areas.
Node size increases towards the oute.r edge of the grid, where more widely spaced model gene_ra"ted

heads were acceptable. All nodes of the grid are active (i.e., part of the aquifer).

4.2.2 Vertical Dimensions

~The model grid consists of five layers, w’hjch are differentiated based on’ monitoring well depihs in the -
modeling area. Layer 1 extends froh the surface to ‘approximately 100 ft below ground surface (bgs) -
and incorporates shallow HNUS monitoring wells. Layer 1 ranges in thickness from 77.5 to 105 ft. Layver
2 and 3 are each 100 ft thick. Layer 2 contains intermediate monitoring wells, while layer 3 contains
deep HNUS monitoring welis and one BWD well. Layer 4 is 150 ft thick and contains some of the
shallower Grumman production wells and one BWD well while layer 5 ranges in thickness from»150 to

315 ft thick and contains the majority of the Grumman production wells and BWD wells.

"This spacing of grid layers in relationship to well -depths allows for a direct association between well
depths and model layers. For example, a water table contour of the modeled heads in layer 1 would
consist of shallow well heads; while a contour of layer 2 modeled heads would consist of intermediate '
well heads. In this way, contaminants can also be tracked throughout the aquifer. For example, if
contaminants pass from layer ’1 to layer 2 at a point with a shallow and intermediate well, the

intermediate well would pick up the contaminations at that point, while a shallow well would be too
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shallow to pick up the contamination.

Because layers were defined based on monitoring well depths, the model layers are not directly re_lated_
to lithologic units. Figure 4-2aillusvtrate's the five model layers and their relationship to the aquifer units.“
Layer 1 contains the upper glacial aquifer, and the upper portion of the Magothy aquifer. Layers 2, 3,
4 and 5 are exclusively composed of the Magothy aquifer. The boitom of layer 5 is concurrent with the N
top of the Raritan Clay, which is a regional barrier to the downward movement of groundwater. Although |
some water may pass through the Raritan Clay to the underlying Lioyd aquifer, this amount of water was
considered to be negligible, and the top Raritan Clay unit ‘was assumed to be the bottom of the
groundwater flow system. ‘ )

. Surface elevations (top of layer 1 elevation) were deterrhined from U.S.G.S contour maps of the area.
The surface contours were digitized and overlaid on to the model grid, and surface elevations for each
node were approximated to the nearest 5.0 ft. Layer 1 ranges in thickness from 72.5 ft to 105 ft.. Layer
2 and 3 were defined to be 100 feet thick. Layer 4 was defined to be 150 ft thick, and layer 5 was
defined to be 150 feet thick. The bottom of layer 5 was determmed by dngmzmg the elevation of the top
of the Raritan clay across the area from a literature source and overlaymg the model grid, and

approximating the elevation to the nearest 10.0 ft (Smolensky and Feldman, 1990).
4.3 GENERAL HYDROGEOLOGIC CONDITIONS IN THE MODEL AREA

Based on rhonthly rounds of water-level elevations taken from monitoring wells and groundwater flow
direction data from literature sources the normal groundwater flow (under non-pumping conditiohs) is
generally towards the south (lsb|ster 1966, Smolensky and Feldman, 1990). Under pumpmg condmons

the actlwty at Grumman productlon wells recharge basins and BWD wells significantly alters the local

groundwater flow directions.

Groundwater is derived from precipitation and infiltration from industrial and residentiel recharge basins.
The uitimate discharge point for water in the groundwater system is the Atlantic Ocean. Discharge form
the model area will occur at the southern border of the model, which is also designated as a constant
head boundary. Evapotranspiration and runoff are accounted for in the values used for infiltration

(recharge). Additionally, during pumping-conditions the water pumped from the BWD wells was
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considered to be removed from the. system.

Based on literature sources and pumping tests conducted at the NWIRP, groundwater is considered to
be unconfined (Isbister, 1966). The first laterally extensive layer which prevents the downward movement

of groundwater |s the Raritan Clay, wh|ch is approxmately 600 feet below ground surface and is

con5|dered to be the regional flow barner The NWIRP occupies an area of recharge, and groundwater -

exhibits a downward flow direction.
4.4 INITIAL ESTIMATES OF HYDROGEOLOGIC PARA_METERS

4.41 Hydraulic Conductivity

Hydraulic conductivity values are specified in two directi.ons:.horizontal hydraulic conductivity (x- and y- .
'direction) and vertical hydraulic conductivity (z-direetion). . Initiallvalues for horizontal and vertical '
hydraulic conductivities were determined from the two pun'.lping tests which were performed inthe NWIRP
area and from literature sources (Isbister, 1966; Smolensky and Feldman, 1990; Mc Clymonds and

Franke, 1973). Pump test results are fully sufnmarized in Appendix E.

In Iayer 1, the initial vertical hydraulic conduchvnty value was assumed to be one-tenth the horizontal ‘
conductivity for each node. For layers 2, 3 and 4 the ratlo of vertical to horizontal conductlvmes
decreased with depth. In layer 5 the initial vertical hydrauhc conductivity values were assumed {o be
~ approximately one-fifth the horizontal conductivity values anal values of hydraulic conductivity were |
determined durlng model cahbratlon

4.4.2 Storage
Initial storage values were derived from purhping test data and literature sources (Isbister, 1966). Final
“values were determined from model calibration. Storage values effect model solutions only during

transient solutions.

4.4.3 Poros'm(




Initial values for porosity were determined from literature souréés (Isbister, 1966; Fetter, 1988). For all
nodes poroéity was estimated at 0.20. Changes jn the values of porosity does not effect groundwater

flow directions or paths, although it does effect the rate at’whicﬁh groundwater moves through the aquifer. -

44.4 Recharge

Recharge values. were estimated from literature values,‘ and from data from a climatic measuring station
in Mineola, NY, approximately 10 miles from the NWIRP (Smolensky and Feldman, 1990; Feldman,
'.Smolensky and Masterson, 1992). Average precipitatioh was 44.58 inches. It was assUmed that 50%
- of precipitation was lost to runoff, evapotranspiration, 6r other sources while the remaining 50%
recharged the groundwater systei‘n (Smolensky and Feldman, 1980). Recharge was added to the top

layer only and was applied at the same rate for each node over the model grid.
4.5 BOUNDARY CONDITIONS

Boundary conditions are parameters which specify the constant head of constant flux at the boundaries '
and top surface of the modeled area. The types of boundary conditions used during these simulations
include bconstant head boundaries, with. specified heads during the simulation and specified flow
bougga_(ies, where the flux across-a boundary is given.' Water enters the model area at consta‘h{ head
‘boundaries along the north boarder of the modeiing grid. Although actual water elevations at these
points will, fluctuate over time, it was assumed that fixed values could be assigned to these nodes for |
different months, due to the long-term nature of the steady-state simulations |

4.5.1 Constant Head Boundaries

The boundary conditions applied to the northern and southern border of the model grid were designated
as constant head boundaries. The valﬁe for 6onstant headv elevation for each node was initially
determined from water-table elevation maps from literature sources (Smolensky and Feldman, 1990).
Water elevations were digitized, and overlaid on to the modeling grid. Each node was assigned an

constant head elevation to the nearest 0.10 ft. The final constant head elevations assigned to all layers

were determined during model calibration.



'4.5.2 Specified Flux Boundaries e B EEERE . 1

The value of flux across the top face of each node in layer 1 was specified to simulate the infiltration of
precipitation. Flux was constant at 0.0051 ft/d, which is equal to 24.34 inches of recharge per year or

one half of the total average precipitation for the area (Smolensky and Feldman, 1990).

The east and west boundaries of the modeled area were specified as no flow boundaries in all five layers
(constant flux of zero). This assumption was based on potentiometric surface maps of the area, which

indicate groundwater flow in the area is generally parallel to these borders, with little or no flow across

' the boundaries.

4.5.3 Starting Head Values

For steady-state simulations, the starting head elevations fbr all layers were specified for each node in .
the grid. When performing steady-state simulationé, the values of initiél head were specified to be above
the top elevation of the highest cell, at 145 ft. This initial water elevation was necessary to prevént cells
from starting dry, which can add additional error to the simulation runs. Regardless of the starting head
value'used, the same sol.ution result was qbtained. For transient simulatiohs, starting head values were
speciﬁed for each grid-block and read frpr_n inp'ut files. Eachtime équifer parameters were altered during
the transient calibration, a steady-state Simulation was run and the resulting values of head' were used
as the startiAng head for the transient simulation. For steady-state simulations, the starting head -
elevations for all layers were épeciﬁed for each node in the grid. When performing steady-state
simulations, the values of 'initia,l__‘ head were specified to be above the top elevation of the highest cell at
145 . This initial water elevation was necessary to prevent cells from starting dry, which can add

additional error to the simulation runs. Regardless of the starting head value used, the same solution
result was obtained. -



'5.0° COMPUTER CODE SELECTION

51 COMPUTER SOFTWARE

A groundwater flow model and a related particle tracking package were utilized in the modeling effort.
The following subsections describe the general capabilities of these codes. These models were chosen
because they can simdlate the conceptual model constructed for the site. In addition these models have
been extensively verified and documented and have been used successfully at:many-different kinds of -

hazardous waste sites. There are many modelmg packages which can be added to the basic ﬂow model

for in depth analysns and presenta’uon of modehng results.

511 MODFLOW Program

The modular three-dimensional finite-difference groundwater flow model (known as MODFLOW) was
developed by the U. S. Geological Survey to simulate groundwater flow in a variety of situations (Mc
Donald and Harbaugh; 1988). This model can be used for two-dimensional or -three-dimensionél

applications and can simulate the effects of wells, recharge, drains, and rivers, as well as a variety of

boundary conditions.

MODFLOW has been used extensively at hazardous waste sites for S|mulat|on of groundwater flow and
evaluatlon of remedial alternatives. This model can also be used in conjunction with other programs for
modeling of contaminant transport and particle tracking. MODFLOW uses a block-centered grid for

" solving the finite-difference groundwater flow equations.

Input files for MODFLOW are.generated usihg a separate software package, known as ModelCad. This
package allows the user to gerierate graphical input of the modeling'grid and aquifer parameters, which
are then converted to input files for use inMODFLOW and the particle traéking softWare, MODPATH.
The output from the MODFLOW modél coﬂrisists' of heads generated for eac;h' model grid block for each

layer, which can then be imported into the contourivng program SURFER for graphical presentation.
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5.1.2° MODPATH Program

: .
[

MODPATH is a three-dimensional particle tracking code tﬁat was developed by the U. S. Geological
Survey (Pollock, 1989). Although it utilizes heads calculated in MODFLOW to determine the direction
of particle movement with time, MODPATH _opérates separately from MODFLOW. Two diffe_rent particle
tracking approaches can bé used to illustrate the flow lines of a particle. In forward tracking mdde, one
or more particles are released from a suspeCted _contaminént' source, and the flow paths of these
particles are calculated by MODPATH. The flow lines which represent particle movement through time
can then be viewed in plan view or in cross-sectional view along model rows or columns. The second
particle tracking mode is reverse particle tracking, where ‘partides are released at a one or more grid
blocks (generally at well nodes) and particles are tracked towards their point of origination, which

indicates the capture zone of the wells.

The output gener’afed by MODPATH consists of a listing 6f p_a_rticie locations and travel ti(hes in a text
file, which can be converted to graphical output using the prdgrafn MODPATH-PLOT. MODPATH-PLOT

can generate cross-sectional particle tracks along model rows and columns.



-

6.0 MODEL CALIBRATION = o e

Following the construction of tf\é conceptuél modelland the input of initial values for aquifer parameters,
such as horizontal and vertical hydraulic conductivities, storage, recharge and constant head elevations,
calibration of the flow model was initiated. Calibration included steady-staie calibration of two separate
pumping conditions at the Grumman site; low pumping conditions for Grumman production wells during ‘

February, 1992, and high pumping conditions for Grumman production wells during August 1992, and

performing transient simulations of two pumping tests.

Model calibration refers to a demonstrating that the model is capabl'e of producing water elevations which
are comparable to water eIeyation_s’ méasﬁred on site. Steady-state calibration simulated two monthly
pumping scenarios. Production well pumping' rates and site Wide water level data was used to check the
simulated water eIeVations across the modeled area. Transient (stressed) c.onditions‘ were calibrated ‘b'y
simulating two pumping tests performed on site. ‘These pumping tests prbduced drawdowns .within a
small portion of the model grid, and transient calibration efforts were focused on this section of the model.

Both transient and steady-state model cqlibration"were pérformed by adjusting initial values of aquifer

- parameters and boundary conditions until an acceptable match of the modeled data was gch'ieved?_when

compared to observed measurements.

The calibration process was interactive between ‘the_ steady-state and transient conditions. Any changes ‘

. made to aquifer parameters during sfeady%tate calibration were incorporated into the transient calibration'

model. Therefore, the final values of aquifer parameters determined during calibration represent a '‘best- |

fit' for the measured steady-state and transient data sets.

6.1  CALIBRATION CRITERIA

The calibration criteria is the acceptable difference (expressed in feet) between the measured data and

the modeled data for a given pumping situation. Calibration for the flow model was carried out until the

difference between the heads predicted by the model and the measured heads were within the calibration
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criteria.

. Generally, a groundwater flow model is to be con_sidered calibrated when the difference between
measured and modeled heads are less than one half the average fluctuation in the water table. In the
area being modeled the water table had a natural fluctuation of approximately 4 ft, during 1991 and 1992,
as shown in Table 6-1. Therefore, a general calibration criteria of 2.0 ft was established, and. was used

for the steady-state model calibration.

For the transient pump test simulations, a more rigorous calibratien criteria of 1.0 ft was used for several
reasons. Specifically, the pumping tests were performed in a small portion of the modeling grid, where
numerous data points were present node spacrng is most dense, and precise measurements were made
throughout the pumping tests. In addition, the flow of groundwater in the area around the NWIRP is of
primary concern, as a potential source of contaminants (Site 1) is known to exist in these areas. For
these reasons the 1.0.ft calibration criteria was used for transient simulations, and the modeled pumping
tests were considered to be calibrated whe n model predictions of drawdowns were + 1.0 ft when

compared to measured drawdowns at each monitoring well.

As part of the MODFLOW model, a volumetnc budget (or water balance) is calculated internally by the

program and acts as a check on the total amount of water -entering and Ieavmg the flow system-(Mc- '

Donald and Harbaugh 1988). This water balance provrdes an indication of the overall acceptablhty of
the solution, although does not indicate how accurately the model reflects the natural system. For
example, a large water budget error can indicate problems with the conceptual model or hydraullc
conductivities of the model. The water budget calculates how much water enters the system from
precipitation, recharge basins, artd coristant head boundaries and compares this to the amount of water
leaving the system due to well pumpage and cortstant head boundaries. Results are expressed in terms

of percent error with +0.50% error being considered to be the maximum allowable water balance error

for all transient and steady-state calibration runs.
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TABLE 6-1 S o | .
MONITORING WELL WATER ELEVATIONS - 1991 AND 1992 v : S

PAGE 1012
GRID ' 1991 1992 -
WELL LOCATION RCL)| OCT.21 __NOV.25 DEC.18 | JAN.24 FEB.21 MARCH27 APRIL24 MAY29 JUNE 26

2. 33, 1

6, 33,2 ] ]
GM-3S 4,101 75.56 71.68
GM-3/ 6,9 2 75.01 71.10
GM-4S 7.9, 1 76.36 73.72
GM4l 7,92 74.89 71.08
GM-5S 10, 10, 1 74.38 70.54
GM-5I 10,10, 2 74.28 70.27
GM-6S 11,211 7455 69.34
GM-6/ 11, 21,2 69.59 65.15
GM-7S 13,271 75.88 71.43
GM-7I 13,27, 2 75.66 71.19
GM-7D 13,27, 3 73.77 69.09
GM-8S 15,37, 1 77.75 7418
GM-8 15,37, 2 76.50 72.71
GM-8S 13,9, 1 73.63 69.72
GM-9I 13,92 73.60 69.63
GM-10S 20,7, 1 72.82 68.98
GM-10I 21,62 72.70 68.59
GM-12S 29,15, 1 72.96 68.96
GM-121 29 15,2 72.58 68.43
GM-13S 31, 23,1 73.10 69.28
GM13l 32,23,2 73.21 69.54
GM-13D 34,22 3 71.04 67.16
GM-14S 32,28, 1 71.25 68.03
GM-14l 36,25 2 71.63 68.00
GM-155 41,381 69.11 72.72
GM-151 48,40, 2 67.45 64.92
GM-16S 36, 16,1 71.41 68.58
GM-16l 36, 16,2
GM-17S 38,9, 1
GM-18S 45 11,1
GM-18l 44,11, 2
GM-195 48,33, 1
GM-191 48, 33,2
GM-208 51,16, 1
GM-201 51,16, 2
GM-20D 51,16, 3
GM-21S 51,23, 1
GM-211 51,23, 2
GM-225 51,30, 1
GM-22I 51,30,2
GM-23S 29, 8, 1
GM-23! 8 2
HN-8D 17,37, 3
HN-24S 13,22, 1
HN-241 13,222
HN-25S -~ 16,21, 1
HN-251 16+17, 21+22, 2
HN-25D 16,21, 3
HN-26S 18,26, 1
HN-261 19, 26, 2
HN-27S 22+23, 30,1
HN-271 22+23, 30,2
HN-28S 26+27, 26+30, 1 ) k . ] K
HN-28I 26+27, 29+30, 2 71.28 70.78 70.32 69.75 70.14
HN-298 26+27, 26+27, 1 7215 71.62 71.22 70.97 71.63
HN-291 26+27, 26+27, 2 71.19 70.84 70.18 69.53 69.75
HN-29D 26+27, 26+27, 3 69.42 69.21 68.39 67.51 67.58
HN-30S 22 36+37,1 73.00 72.86 72.00 73.48 76.09
HN-30/ 22, 36+37, 2 7250 | 72.10 71.59 7179 | - 73.07

Note: Shading indicates water eievatron not taken.
ltalics indicate outlier well (not included in annual difference calculation).
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TABLE6-1. . ’ . ‘ L ,
MONITORING WELL WATER ELEVATIONS - 1931 AND 1992 . . ot

PAGE 2 of 2
GRID 1992 ‘HIGHEST - LOWEST ANNUAL
WELL JULY 24 AUG.28 SEPT.25 LEVEL WATER LEVEL DIFFERENCE (ft)

GM-28 2, 33, 1 72.10 72.39 71.73

GM-2! 6,33 2 71.05 71.28 70.84

GM-38 4,101 71.46 71.55 71:50

GM-3I 69 2 70.49 74.96 70.31

GM-48 7,91 73.04 74.49 72.68

GM-4i 7,82 70.42 70.84 70.29

GM-58 10, 10, 1 70.04 70.37 69.78

GM-51 10,10, 2 69.68 68.57 69.56

GM-6S 11,211 69.70 69.88 69.69

GM-6/ 11, 21,2 64.39 64.72 64.72

GM-78 13,27, 1 70.56 70.73 70.38

GM-71 13,27, 2 70.36 70.52 70.31

GM-7D 13,27, 3 67.84 68.41 69.25

GM-8S 15,37,1 74.71 74.87 73.63

GM-8/ 15,37, 2 73.64 72.84 72.16

GM-98 13,9,1 69.17 70.62 69.04

GM-gi 13,9, 2 69.05 69.45 69.05

GM-108 20, 7,1 68.62 68.75 68.48

GM-101 21,62 - 68.31 67.37 68.32

GM-128 29,15, 1 68.60 68.78 68.47

GM-121 29,15, 2 68.04 68.29 68.23

GM-135 31,231 68.88 70.61 68.84

GM13I 32,232 68.97 69.55 68.98

GM-13D 34,22, 3 66.67 67.05 67.06

GM-145 32,28,1 67.58 €8.51 67.75

GM-14| 36,25, 2 67.60 66.04 67.67

GM-158 41,38, 1 72.25 72.72 72.46

GM-15I 48, 40, 2 64.46 64.99 64.54

GM-16S 36, 16,1 68.27 68.54 68.14

GM-16l 36,16, 2 68.20 68.44 68.08

GM-178 |- 38,981 - 73.42 72.29 71.21

GM-188 45 11,1 65.64 66.23 65.85

GM-18I 44,11, 2 66.47 67.22 66.84

GM-198 48, 33,1 65.63 66.24 65.79

GM-19] 48,33, 2 65.56 66.24 65.73

GM-20S 51,16, 1 66.78 67.41 66.61

GM-20I 51,16,2 66.13 66.46 66.10

GM-20D 51,16, 3 64.33 64.90 64.54

GM-218 51,23 1 65.79 66.50 66.15

GM-211 51,23, 2 65.24 65.82 65.25

GM-228 51,30, 1 65.73 66.23 66.19

GM-22| $1,30,2 64.59 65.15 64.67

GM-238 29,81 67.98 67.84 67.68

GM-23| 28,82 67.90 67.78 67.69

HN-8D 17,37, 3 70.95 : 69.49 1.46

HN-24S 13,22, 1 72.99 69.04 395

HN-24| 13,22, 2 72.62 68.10 452

HN-258 16, 21,1 73.84 69.53 4.31

HN-251 16+17, 21422 2 73.83 69.26 457

HN-25D 16,21, 3 71.21 68.39 2.82

HN-26S 18,26, 1 75.38 72.83 2.55

HN-261 19,26, 2 74.86 70.96 - 3.90

HN-278 22+23, 30, 1 77.70 74.21 3.49

HN-271 22+423,30,2 74.88 7298 1.90

HN-288 | 26+27,28+30, 1 . 73.58 7118 242

HN-28! 26+27, 29+30, 2 69.86 70.05 69.84 72.86 69.75 3.11

HN-288 26+27, 26+27, 1 71.13 71.50 70.69 73.76 70.69 3.07

HN-291 26+27, 26+27, 2 69.27 69.56 69.45 72.83 69.45 3.38

HN-29D | 26427, 26+27, 3 66.88 67.24 67.53 69.42 67.24 218

HN-30S 22, 36+37, 1 80.64 79.36 77.70 80.64 72.00 8.64

HN-30! 22, 36+37, 2 74.84 74.36 _73.45 74.84 .. 7210 . : 274
AVERAGE ANNUAL DIFFERENCE (FT) 413



6.2 STEADY STATE CALIBRATION ~

Calibration of steady-state conditions was performed to correlate modeled. water elevations ' with
measured data for 61 observation wells Iocated in the NWIRP and throughout the_ Grumman site.
Steady-state calibration incl_uded performing simdlations of two different pumping scenarios, which
correspond to the lowest and highest yearly production rates at the Grumman production wells: low
pumping conditions during February 1992, and high pumpinvg conditions during August 1992. For these
pumping scenarios mont_hly pumping rate data was available for each productioh well on the Grumman

site, and water levels were taken at the end of each month.

Due to seasonal preaprtatron fluctuatrons the constant head values assigned to the boundanes changed

for the two months for which model calibrations were performed.

6.2.1 Steady-State Calibration Procedures

For each steady-state simulation the average' pumpirtg rates was determined for each Grumman
production well from monthly production weII totals Initially, recharge basins were assumed tfo receive

all water pumped by the production wells: * The S|mulat|on output was' compared agalnst the measured
| data, aquifer parameters were changed until the modeled data were within the +2.0 ft cahbratlon criteria
- of measured results, and a best-fit was achleved across the modeled area. The final values of recharge
basin recharge rates were determined during model calibration and were within 90% of the total water

-pumped from the production wells. Steady-state srmulahons were run untrl there was a change in head

e

of less than .0001 ft during one iteration of the snmulatlon

6.2.2 Steady-State CaIibratton Results

Calibration results for the low-pumping condmons during February 1992 are presented on Table 6- 2.
Cahbratlon results for the high pumping condmons during August 1992 are presented on Table 6-3.
Calibration results summarized on these tables indicate that 56 of 61 wells i in low pumplng srmulatlons

and 55 of 61 wells in high pumplng situations fall within the calibration-criteria-of +2.0 ft. The wells which =
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TABLE 6-2

MODEL CALIBRATION RESULTS

LOW PUMPING CONDITIONS - FEBRUARY 21, 1992

T L

GRID

FEB. 21, 1992
WATER ELEVATION

MODELED

MODELED - MEASURED

F

GM-28 2,33,1 75.16 - 75.49 0.33
GM-2| 6,33,2 74.09 73.23 -0.86
GM-38 4,101 74.56 73.99 -0.57
GM-3| 6,92 74.05 73.70 -0.35
GM-48 7,9.1 75.23 75.35 0.12
GM-4! 7,9,2 74.04 73.88 ~ -0.16
GM-58 10, 10, 1 73.52 72.89 -0.63
GM-51 10,10, 2 73.34 72.79 -0.55
GM-6S 11,21, 1 73.29 72.29 -1.00
GM-61 (1) 11,21, 2 68.06 72.24 4.18
GM-78 13,27, 1 73.16 72.59 -0.57
GM-7i 13,27, 2 73.07 72.50 -0.57
-~ |GM-7D 13,27, 3 72.16 72.30 0.14
GM-8S 15,37, 1 73.77 - 74.71 0.94
GM-8| 15,37, 2 73.31 74.15 0.84
GM-98 13,9, 1 72.70 72.55 -0.15
GM-9i 13,9,2 72.70 72.41 -0.29
GM-10S8 20,7, 1 71.83 71.81 -0.02
GM-101 21,6, 2 71.75 71.24 -0.51
GM-128 29, 15,1 71.11 70.68 -0.43
GM-12| 29,15,2 70.82 _70.64 - -0.18
GM-138 31, 23,1 70.55 70.50 -0.05
GM13! 32,23, 2 71.10 70.18 -0.92
GM-13D 34,22, 3 69.01 . 69.59 0.58
GM-14S 32, 28,1 69.20 7044 1.24
GM-14| 36,25,2 69.17 68.29 - 0.12
GM-15S8 41, 38,1 73.85 73.47 -0.38
GM-15I 48,40,2 66.04 66.57 0.53
GM-168 36,16, 1 69.79 69.30 -0.49
GM-16! 36,16, 2 68.75 69.25 -0.50
GM-17S 38,91 71.22 70.46 -0.76
GM-188 45, 11,1 66.73 67.27 - 0.54
GM-181 44, 11,2 67.74 67.21 -0.53
GM-188 48,33, 1 66.41 66.69 0.28
GM-19I 48,33, 2 . 66.46 66.61 0.15
GM-20S 51, 16, 1 65.33 65.70 0.37
GM-20I 51,16,2 65.54 65.55 0.01
GM-20D 51,16, 3 64.68 65.36 0.68
GM-218 51,23, 1 64.42 65.88 1.46
GM-21| 51,23,2 64.52 65.67 1.15
GM-228 51,30, 1 65.88 65.71 -0.17
GM-22| . 51,30, 2 64.87 . 65.56 0.69
GM-238 29,8,1 70.32 70.50 0.18
GM-231 29,8,2 70.32 70.45 0.13
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. TABLE 6-2

MODEL CALIBRATION RESULTS o o
LOW PUMPING CONDITIONS - FEBRUARY 21, 1992

GRID

FEB. 21, 1992

_ , MODELED - MODELED MEASURED

WELL LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION- ‘ (FT)
HN-8D (2) 17, 37, 3 70.95 . 73.79
HN-24S 13,22, 1 © 7169 ' 72.12
HN-24| 13,22, 2 71.18 - 72.05
HN-258 16, 21,1 72.40° 71.77
HN-25I 16+17, 21422, 2 72.23 : 71.69 .
HN-25D 16,21, 3 7121 71.43 .
HN-26S 18, 26, 1 - 7423 . 72.80 -1.43
HN-261 19,26, 2 . 73.28 72.54 -0.74
HN-27S 22+23, 30, 1 - 7421 : 74.38 0.17
HN-271 22+23,30, 2 73617 73.68 0.07
HN-28S 126427, 29+30, 1 7240 - 7238 0.28
HN-281 26+27, 29+30, 2 71.28 72.20 0.92
HN-29S 26427, 26427, 1 . - 7215 .. 7184 -0.31
HN-291 . 26+27, 26+27, 2 - 7119 - 71.72 0.53
HN-29D (2) 26+27, 26+27, 3 69.42 71.48 2.06
HN-30S (2) - 22,36437, 1 73.00 . . 76.80 3.80
HN-3OI (2) 22, 36+37, 2 7250 . - 74.82 2.32
NOTE Calibration Cntena +/- 2.0 ft
(1) Monitoring well not included in calibration due to proxlmuty to producuon well.
(2) Monitoring well not mcluded in cahbratlon due to proxumlty to recharge basin.

;MEAN ERROR . ~ =0.01 .
ABSOLUTE RESIDUAL VALUE: ' 128.26
MODFLOW WATER BALANCE ERROR: -0.05%



TABLE 6-3
MODEL CALIBRATION RESULTS :
HIGH PUMPING CONDITIONS AUGUST 28, 1992

GRID - AUG.28,1992 -~ MODELED MODELED - MEASURED
R,C,L) WATER ELEVATION WATER ELEVATION F
GM-2S 2,33, 1 7239 , 7320 0.81
GM-2I 6,33, 2 7128 - 71.05 023
GM-3S 4,101 71.55 ~71.71 0.16 _
GM-31 (2) 6,9 2 74.96 71.60 -3.36
GM-4S 7,9,1 74.49 74.38 -0.11
GM-4l 7,9,2 70.84 71.92 1.08
GM-5S 10,10, 1 ~70.37 70.13 0.24
GM-5i ~10,10,2 69.57 70.00 0.43
GM-6S 11,21, 1 69.88 69.23 _ 065
GM-61 (1) 11,21, 2 64.72 69.15 4.43
GM-7S 13,27,1__ 70.73 70.37 -0.36
GM-7| 13,27.2 70.52 70.15 0.37
GM-7D 13,27,3 68.41 69.61 1.20
GM-8S 15,37, 1 74.87 75.59 0.72
GM-81 (2) 15, 37, 2 72.84 70.53 231 .
GM-9S 13,9, 1 ~ 7062 69.65 0.97
GM-9I 13,9, 2 ~ 69.45 69.46 ~ 0.0
GM-10S 20,7, 1 68.75 69.30 0.55
GM-101 21,6,2 67.37 68.01 0.64
GM-12S 29,15, 1 68.78 68.00 0.78
GM-12] 29,15,2 68.29 67.95 034
GM-13S 31,23, 1 70.61 68.79 182
GM13l 32,23,2 69.55 68.34 121
GM-13D 34,22, 3 67.05 67.78 073 .~
GM-14S 32,281 " 68.51 68.88 037 _
GM-14l 36, 25,2 66.04 67.73 1.69
GM-15S 41,38.1 7272 - 72.45 -0.27
GM-15I 48,40, 2 64.99 65.77 0.78
GM-16S 36, 16, 1 68.54 67.67 —0.87._
GM-16l 36, 16, 2 68.44 67.54 090
GM-17S 38,9, 1- 72.29 71.70 059
-[GM-188 45,11, 1 66.23 66.80 0.57
GM-18l 44,11.2 67.22 . 66.66 ~ -0.56
GM-19S 48,331 66.24 66.43 019
GM-19I 48,33, 2 66.24 66.26 0.02_
GM-20S “51.16,1 67.41 66.65 -0.76
GM-20I 51,16, 2 66.46 66.13 0.33
GM-20D 51,16, 3 64.90 65.44 0.54
GM-21S 51,231 66.50 67.48 0.98
GM-21 51,232 65.82 66.64 0.82
GM-22S 51,30, 1 66.23 66.46 023
GM-22 "51,30,2 65.15 6593 078
[GM-235" 29,8, 1 67.84 67.01 -0.83
GM-23 29,8,2 "67.78 66.94 0.84
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~ TABLE 6-3 :
MODEL CALIBRATION RESULTS
HIGH PUMPING CONDITIONS - AUGUST 28, 1992

GRID . . AUG.28,1992 MODELED MODELED - MEASURED
WELL LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION F
HN-8D (2) 17,37, 3 70.55 - 73.95 3.40
HN-24S 13,22,1 6947 68.98 -0.49
HN-24| 13,22,2 6810 68.84 0.74
HN-258 16,21, 1 69.83 68.41 -1.42
HN-25] 16+17,21+22, 2 . 6941 68.30 -1.11 -
HN-25D 16,21, 3 ' 66.83 " 67.43 0.60
HN-26S 18,26, 1 ; Dry - -
HN-26I 18,26,2 71.02 71.58 0.57
HN-27S 22+23, 30,1 75.64 75.71 0.07
HN-27I 22+23, 30,2 Destroyed - -
HN-28S 26+27, 29+30, 1 72.41 ~71.75 - -0.66
HN-28| 26+27,29+30,2 70.05 71.39 1.34
HN-28S 26+27,26+27,1 71.50 7047 -1.03
“|HN-291 26+27, 26+27,2- 69.56 70.24 0.68
HN-29D (2) 26+27,26+27,3 |- 67.24 69.77 2.53
HN-30S 22, 36+37,1 79.36 81.03 1.67
HN-30I (2) 22, 36+37,2 74.36 76.71 2.35
NOTE: Calibration Criteria +/- 2.0 ft. :
(1) Monitoring well not included in calibration due to. proximity to production weII
(2) Monitoring well not included due to proximity to recharge basin.
MEAN ERROR: - 0.02
ABSOLUTE RESIDUAL VALUE: 36.64
-0.04%

MODFLOW WATER BALANCE ERROR:




fall outside the calibration criteria are described below. S R o

For both pumping conditions, wells which do not fall within the calibration criteria (referred to as outlier
wells) are located in the vicinity of a production well, recharge basins, or exhibit unusual water elevatiohé
during some of the period for whi.ch water elevations were measured. Numerous production wells and
recharge basins are active across the NWIRP and the Grumman site, and these activities can effect the
local water—table significantly. - The -outlier wells are believed to be influenced by a some, near by
external stress, such as a active industrial or residential recharge basin. ‘ )

I

Wells HN-61, GM-8|, HN-8D, HN-29D, HN-30S and HN-30I are in close proximity to active rechafge

basins and exhibit modeled water elevations which fall outside the calibration criteria of + 2.0 ft. The

location of these wells near production wells or recharge basins may account for the disparities in model

values of water elevations. Model pumping and recharge rates for production wells and recharge basins

were determined from monthly totals, and these averagés may not be accurate over shorter time periods,

such as one day. Water levels taken in the immediate vicinity of recharge basins represent 'snap-shot'

pictures of water elevations, and will record a-sudden change in water elevation in a near-by recharge

basin, such as when the water level increases or decreases suddenly in the recharge basin due to a -

production wells turning on or off. Monthly average pumping rates used in the model cannot simulate

these daily changes for wells near the recharge basins. - However, for wells not immediately adjacent to

a recharge basin,: the monthly averages'repreéeht good approximations of steadylétate conditions over
a monthly interval, as evidenced by the effective calibration of the majority of the monitoring wells during

low and high pumping conditions.

Well GM-6l'is located in‘the immediate vicinity of Grumman production well 13, an active production wells

during 1991 and 1992. GM-61 shows a consistently low measured value, which may indicate that
pumping activity at PW-13 may be effecting the modeled-vs. measured results in a similar fashion as
described above for wells near recharge basins. Pumping at PW-13 may have decreased the measured

~ values at this well, while the model inputs assumed a consistent pumping rate throughout the month.

Well HN-15S, which fell within the calibration criteria, exhibits unusual wét_er elevations consistently
through out the 1992 period during which water elevations were taken. Typically a shallow and

intermediate well in the same area will exhibit a decrease in head of approximately 1.5 ft of head or less,
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between the two wells. Figufe 6-1 illustrates a graph of watér levels at well HN-158 and HN-13l. The
normal relationship is seen in the October.19.91' through January 1992_ data for GM-15S and GM-15|.
The sudden increase in the water elevatioh at GM-158S during February, which does not effect GM-15I,
does not confbrm to the typical trénd of water ievels at the site. This sudden_increase in water level at.
GM-158 may be the result of a recharge basin or vot‘her external stress becoming active during the month
of February 1992 and continuing at least through September 1992. To account for this, a recharge basin
was assumed to be éctive in fhe vicinity. of GM-158, ru.nning at 306 gpm during low and high pumpihg
conditions. This recharge rate for this recharge basin was determined during calibration to produce a

result similar to the increase in water levels seen in the measured data at GM-15S.

Wells GM-éS, GM-3I,' GM-4S. GM-4I, GM-‘5S,»GM—‘.5I and GM-9S, GM-9I, which are in the vicinity of the
Hooker-Ruco chemical fécility, generally were within the calibration criteria, although they consistently
exhibited low modeled vs. measured results throughout model calibration. Three large recharge basins
are present on the Hooker-Ruco site. Recharge activity at thése Hooker-Ruco basins would account for
the low modeled vanlues pfoduced at these wells qpring calibration simulations, as recharge may have
been added to these basins during the two”mon.ths ﬁsed for calibration. Therefore, during the calibration
simulations water was added at these basins to simulate rechargé activity. Recharge rates at the
Hooker-Ruco basins was determined during model calibration. During low pumping conditions, 202 gpm
was added to each basin, while during higl:! pumping conditions an~average of 838 gpm was added to

each basin. Table 6-4 shows the pumping and recharge rates used during the February and August,

1992 calibration scenarios.

The difference between the mggsuréd heads and the model'ed heads was calculated for each well, and
are listed in Tables 6-2 and 6-3. This value indicates if the measured water elevation at a well is within
the calibration criteria. In addition to this value, two other quantitative calculations were preformed for

the calibration runs to determine how. closély thevmodeled data fit the measured data.

The sum of the differences of modeled data‘and measured data (referred to as the mean error) indicates

the amount of positive or negative model error for the calibration run. The mean error is calculated by
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TABLE 64
PRODUCTION WELL PUMPING RATES FOR MODEL CALIBRATION SIMULATIONS

PRODUCTION LOCATION  LAYER % PUMPED FEBRUARY 1992_(LOW PUMPING CONDITIONS) AUGUST, 1992 (HIGH PUMPING CONDITIONS)
FROM LAYER | Actual Pumpi i i
PW-1 42 10 5 100% 378 378 1,369 1,369
PW-2 34, 11 5 100% 0 0 0 0
PW-3 38,9 5 100% 432 432 1 1
PW-4__ 39, 11 4 100%. 0 0 0 0
PW-5 31,9 4 100% 0 0 0
PW6 27,7 3 1% 0 - 0 122
4 89% 0 0 987
2,479

OUTH PRODUCTION WELL TOTALS : 810 810

PW-B -15 13 4 16% ) 0 0 0

‘ 5 84% 0 0 2 2
T PW9 - T 16, 16 4 100% 305 305 1,155 1,155
PW-10 . 18,19 4 100% 68 68 827 827
PW-11 , 19,23 4 37% 220 220 260 260

. ) 5 63% 375 375 443 443

PW-13 12,18 5 100% 0 0 266 266

PW-14 21,13 4 62% 0 0 0 )

. : 5 38% 0 0 0 0

PW-15 14,26 5 100% 0 - 0 990 , 990
PW-16 9, 31 4 100% 862 862 986 ' 986
NORTH PRODUCTION WELL TOTAL: 1,831 ‘ 1,831 : 4,930 4,930

NORTHRECHARGE BASING SOQUTEALES 008 AND: 01

24 GRID BLOCKS (2 - 1 100% 76 ' 76 205 170
GM-15S BASIN . 41,38 1 100% - 306 . 306
HOOKER-RUCO BASINS AVERAGE 1 100% - - 202 : - 838

4 (1) MONTHLY PUMPING RATE FROM GRUMMAN AEROSPACE DATA. -
" {2) CALCULATIONS ARE TOTALS FOR EACH BASIN GRID BLOCK. . - '
” - ) ‘ . )



the following formula: .. - e S R

Lo.cor. "
[ N

1 - |
ME = — 3 [h,-hdi
n A

where ME is the mean error,' hm ié the measured head, hs is the simulated head, and n is the number
of calibration values used.. A zero value of mean error indicates equal amounts cf positive and negative
model error. Final calibration results for low pumping co.nditvion‘s'have a mean error of -0.01 ft for ow -
pumping conditions and 0.02 ft for high pumping conditions. Figcres 6-2 and 6-3 graphically illustrates
the amount of model error for the February and Acgust 1992 simulations at each monitoring well.
Because outlier wells may ha\)e been biaeed by recharge basin activity or production well activity, these
wells were not included in the mean error values for these calibration scenarios. Fingre_s 6-4 and 6-5
' illustrate the amount of model error present at each monitoring well for the February and August, 1992
simulations for all weIIs,.echudihg the outlier wells. .The‘mean error was minimized during model
calibration. A small value of mean error alone does not indicate a good calibration, as both positive and
negative mean errors are incorporated and may cencel out. For this reason, an additional measure of

model accuracy was calculated.

The -absolute residual value is the sum of the absolute values of the differences between measured and

modeled data for each’monitoring Well,'and is calculated using the formula:

-1 i | et |
n 3 moe

where AR is the absolute residﬁal value, hm is the measured head, hs is the sirhulated head, and n is
the number of calibration values used. A low absolute residual value indicates a good match between
measured and modeled data. The absolute residual value for low pumplng and high pumping conditions
was minimized during callbratlon As noted in Tables 6-2 and 6-3, for low pumping conditions the .
absolute residual value was 28.26 ft, and for high pumping conditions absolute residual value was 36.64
ft. The outlier wells that fall outside the calibration criteria were not included in the calculation of mean
error or absolute residual error—because these wells were ihferpreted io be infernced by active recharge

basins and production wells. In addmon to the statlstlcal checks made on calibration solutlons noted

above, the water balance of each cahbra’uon run was checked
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MODELED - MEASURED ELEVATION (FT)

Figure 6-2
Model VS. Measured Values Feb. 1992
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" Figure 6-3 _ .
Model vs. Measured Values - Aug. 1992
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'MODELED - MEASURED ELEVATION

Figure 64
Model vs. Measured Values - Feb. 1992
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Figure 6-5
Model vs. Measured Values - Aug. 1992
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All calibration runs fell below the + 0:50 % Watef bafahce error critéria.

Qualitative water elevations are preSented in the water-table maps which compare measurements of
| modeled and measured data. Figure 6-6 compares the February 1992 measured and modeled (low

pumping) water-table map.  Figure 6-7 compares‘ the August measured and modeled (high pumping)

water-table map.

6.3 TRANSIENT CALIBRATION

To calibrate the flow model for transient conditions', during which a strees is applied to the aquifer, two
pumping tests which were_conducted at t:he' NWIRP, were simulated, The drawdowns produced in
monitoring wells during the pumping tests were recorded, and this data was compared to model
generated drawdowns. Du'ring pump test #1, the intermediate well HN-2712 was pumping at a rate of
480 gpm for 2.8 days “while during pump test #2, the deep productlon well PW-11 was pumplng at 890 -

gpm for 2.9 days. A complete discussion of the results for two pumping tests |s prowded in AppendixE.

6.3.1 Transient Calibration Procedures

: _Transient calibratior) began by perforrn_ing modeling runs-for the two pumping tests -using the’ aquifer
‘E;aremeters determined during steady-sta_te calibration. Subsequently, aquifer parametefe, such as
verﬁcal and horizontal hydraulic cenductivities, and storage were changed to achieved a best-fit between
modeled and measured results for both pumping tests. For each pumping test simulation, all water
pumped from the aquifer by the pumping well waséssufned to be returned to ‘th’e Grurhman reeharge
basins via outfall 010, and no additional water from other site activities was contributed to the recharge
basins. BWD wells were assumed to be distant enough from the pumping test activities to preclude any

effect oh the observed drawdowns, and therefore; the BWD wells were not active during the simulations.

6.3.2 Transient Calibratioh Results

Tab\e 6-5 presents a summary of the calibration resuits for the two pumpmg test smula’nons Time-
drawdown graphs comparing the modeled drawdowns and recovery results for the fmal MODFLOW

model to the measured data for pump test #1 are illustrated in Figures 6-8 through 6-19. The final
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TABLE 6-5

SUMMARY OF:-CALIBRATION RESULTS

PUMP TEST #1 AND PUMP TEST #2

Well Layer Location  Location - Measured Modeled Difference
r:-:i:.' : '“
HN-27S2 1 23 30 |° 1.31 1.18 0.13
HN-2783 24 30 1.0 0.95 -0.06
HN-2611 19 26 0.26 0.22 -0.04
HN-27I1 2 --22 30 3.51 357 0.06
HN-27I12 23 30 | 505 5.13 0.08
HN-281 26 29+30 |.. 059 0.51 -0.08
HN-25S 1 21 16 0.08 0.29 021 -
HN-27S2 23 30 0.11 -0.84 -0.95°
~HN-25 16 21422 0.08 043 0.35
' 17 21422
HN-2611 2 19 - 26 0.04 0.15 0.11
HN-2712 ’ 23 ‘30 0.12 -0.65 077
HN-28 26 29+30 0.17 20.26 20.43
27 29+30 .
HN-291 26 26+27 0.21 20.02 2023
27 26+27 -
HN-25D 3 16 | 21 017 0.57 0.4
NH-29D 26 26+27 0.27 0.08 0.19
27 26+27
PW-10 5 17 19+20 205 0.69 0.19
' 18 19+20
PW-11 19 23 1.03 1.86 0.83

NOTE CALIBRATION CRITERIA FOR PUMP TEST SIMULATIONS =+/-1.0 FT

(1) DIFFERENCE = MODELED - MEASURED
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Figure 6-9

" HN-2753 Drawdown for Pump Test #1
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' Figure 6-10

HN26! Drawdown for Pump Test #
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Figure 6-11
HN2711 Drawdown for Pump Test #1
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Figure 6-12

~ HN2712 Drawdown for Pump Test #1
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Figure 6-13

HN28! Drawdown for Pump Test #1
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. Figure 6-14

HN-2752 Recovery for Punp Test#1

. iy
§ o
B 1 YOS L U U5 5 1 OO NN S OO 10 18 S SOMOL O W 00 S
g =
3 / B
i s
| -
-1 - o &
) . ot
. . ’/,—I/ g
.__—————.//’— ‘4/
| —_“4///@
-5 - :
0.1 10 . 100 1000 1000.0

Time (Minutes)

-m- HN27S2 (Modeled) —— HN-27S2 (Measured)

6-29

1E4



Figure 6-15
HN-2753 Recovery for Pump Test #1
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Figure 6-17

HN2711 Recovery for Pump Test #1
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: Figure' 6-18
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Figure 6-19

HN28I Recovery for Pump Test #1
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»+ . calibration parameters for the . model represent a best-fit for transient and steady-state flow conditions.

Final calibrated model simulations had a MODFLOW water balance error of less than 0.15%.

Measured results for purh'p test #1 shbw significant drawdoWn (>1.0- ft) |n4 of the 6 observation.Welis.
The pumping well had 5.05 ft of drawdown (corrected) occurring in the pumping well. The measured
drawdown in the pumping well for both pump tests was corrected to account for the drawdown produéed
within the well casing, which fs much hvigher than was actually ﬁroduced in the aquifer. This correction
was necessary to determine the amount of drawdown which actually qccurred in the aquifer immediately
outside the pumping wells which is simulated by the model, rather than the amount of drawdown inside
the well casing, which was measured during the pumping test. This correction (described in Appendix
E) involved determining the actual amount of drawdown which occurred at the well (determined from a
distance-drawdown plot), compaﬁng it to the measured drawddwn in the pumping well, an.d using the
ratio between actual and measured as a multiplier for the meaSured drawdown in the well. Use of this
vcorre'ction compensates for the dréwdown produced in ihe wéll éasing while maintaining the same shape

of the time-drawdown curve for the pumping wells

As shown in Table 6-5, the modeled results for pump test #1 correspond closely to measured results
at the pumping well and the five observation wells. In addition, the graphs comparing the simulated

drawdowns and recovery results to the measured data for pump test #1 also show similar modeled and
" measured results. >‘The total amount of dra‘wdcﬂ)wn'énd the general shape of the drawdbwn and fecovery
curves are similar between the modeled and measured results, indicating that the model can successfully

reproduce the pumping test results under transnent conditions.

As detailed in Appendix E, pun;ping test #2 did not produce significant drawdowns in observation wells.
Small amounts of drawdowns were seen in the observation wells, with <0.5 ft change in head being
observed during the pumping test in all of the observation wells. This small amo.unft of drawdown is
difficult for thé model to simulate for several reasons. '_Speciﬁcally, mode! drawdowns produced at well
nodes are composite values of drawdowns over the entire 100 ft by 100 ft grid block. Small changes in
drawdown observed in the natural sysiem may be too 'small to be simulated effectively, as the model
assumes that the location of each observation well corresponds to the center of that grid node. This
assumption, 'inherent in any block-centered flow model, can cause difficulty when trying to simulate small

__Changes in head or drawdowns. In addition, the production well screen is located several hundred feet
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- below the observation wells, which can also add error in the model predictions when attempting to'
simulate small- scale changes in head. An additional well with an unknown location was also cycling on
and off during this pumping test, which effected total drawdowns' seen in the observation wells (as
described in Appendix E). Because the location and pumping rate of this well is unknown, this additional
well could not be added to the model simulations. For these reasons, no comparison of modeled to

measured drawdowns was made during the duration of this pumpmg test. ‘Calibration of pumping test

#2 was considered complete when the modeled drawdown was within the 1.0 callbratlon criteria. Table

6-5 summarizes calibration results of pumping test #2.

6.4 FINAL CALIBRATION VALUES OF AQUIFER PARAMETERS

The final values of horizontal_hydradlic conductivity énd vertical hydraulic conductivity for layers 1 through
5 are summarized in Figures 6-20 through 6-24. Sto‘rage values were constant for all grid biocks in each
model layer. Layer 1 had a constant storage value of 0.05, and layers 1 thrqugh layer 5 have a constant

storage value of 0.0012. A constant porosity of 0.20 was assumed for all model layers. The constant

head elevations used in all model simulations are given in Table 6-6.

I

65 STATISTICAL ANALYSIS OF MODEL CALIBRATION RESULTS

To determine if the model data generated during celibration compares favorably to measured data, the
results of the calibration were ,eval,Uated both qualitatively and quantitatively. The output of the final
calibration run for the two steady-state simulations, and the two transient pumpivng test simulations were
analyzed by plotting a linear regression of the modeled data to determine how well the modeled data set
compared to the measured data‘set. To qualitatively determine if any systemic errors exist in the
modeled water data (i.e., if consistently high or low régions are present), residual contour plots were
generated for the steady-state calibration runs. For both the linear regression and residual contour

analysis, the outlier wells were-not included, as these wells may have been biased by localized pumping

or recharge effects.

i S
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TABLE 66

CALIBRATION VALUES OF NORTH AND SOUTH CONSTANT HEAD BOUNDARY ELEVATIONS

(ORI

COLUMN # LAYER 1 ° COL.UMN # LAYER 3 LAYER 4 LAYER 5
1-2 76.90 12 71.95 ' 71.85 71.75
3-10 77.30 3-10 72.35 7225 72.15
11-20 77.05 11-22 72.60 72.50 72.4 -
21-30 77.35 23-34 73.15 73.05 72.95
31-35 76.85 :
36-38 77.35
39-41 77.85 Y AN R AT BN R
42-47 79.2 COLUMN % . LAYER 3 LAYER 4 LAYER 5
48-53 79.30 AL | 5985 ] 59.05 | 59.65
ST CONSTART READ HCRINCARY: KWATM' .
COLUMN # LAYER 1 LAYER 2
I AL | ©2.10 I 61.60

HIGH PUMPING CONDITIONS - AUGUST 1992

o b

COL # LAYER 1 LAYER 2 COLUMN # LAYER 3 LAYER 4 LAYER 5
1-2 7455 73.55 [ 1-2 70.10 - 70.00 69.9
3-10 74.95 73.95 S 3-10 7050 70.40 703
11-20  74.70 73.70 11-22 70.75 70.65 70.55
21-30 75.00 74.00 23-34 71.30 71.20 71.1
31-35 74.50 73.50 35-40 72.00 71.90 71.8
36-38 75.00 74.00 41-53 72.50 72.30 72.2_
39-41 75.5 74.5 TTHE N 335 % :
42-47 76.85 75.85 COLUMN # LAYER 3 LAYER 4 LAYER 5
ALL | 5885 {  s875 - | 58.65
COLUMN # LAYER 1 LAYER 2 I
- ALL [ 61.00 | 60.50
ams! =

Feet Above Mean Sea;LeveI.
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6.5.1 Linear Regression R o R Bl EE L

A I|near regresswn was performed for the two pumplng test smulatnons and the February and August

1992 data Modeled water elevations were plotted agalnst measured water elevatlons and a regressmn :
Ilne for the points was calculated usmg the Ieast~squared method. Flgures 6-25 and 6-26 show the lmear
regressnons for the February and August 1992 data. The slope of the regresswn llne mdtcates if a direct
relationship exists between ’thedep'endjant and lndependent variables. A slope of 1.0 ind_icates a direct

relationship.

The slope of the regressnon lme for the February 1992 data has a slope of 0 904, and the slope of the
line for the August 1992Vdata has a slope of 0’..93‘1 When both data sets are combmed as illustrated
in ‘F.ilg.ure 6-27, the sl’opeof the regression linqe_ is 0.946. The regression lines for all steady-state data
sets indicate a closeto' linear relationship for the meaSured and modeled data. Water elevation isa. -
functlon of Iocatlon wnthln the model grid with higher elevatlons bemg present in the nonhern portion of
the site and lower elevatlons towards the south. The nearly dlrect relatlonshlp of measured to modeled

data for the entlre range of water elevat|ons mducates that model accuracy does not decrease wuth hlgher

or lower values of water elevatlon across the snte

Flgures 6-28, and 6-29 show the regressmns for pump test #1 and pump test #2 drawdowns The~
regression line for pumplng test #1 drawdown data has a slope of 1.036 and shows a tight clustenng of
data around the regressron Ilne which |nd|cates a very close relatlonshlp between measured and
modeled drawdown data Due to the dlfflCUlty in 5|mulat|ng the small amount of drawdown produced in

pumping test #2, the slope of th|s regresswn l|ne for th|s data has a slope of 1. 994 and shows scatter

of data points around the regressnon lme

6.5.2 Residual Contours

A residual contours plot shows the distributlon of model error over the model area for a given pumping
scenario. Resndual contour plots are useful for determlmng if trends are present in the dlstnbutlon of
model error over the grid. If trends of S|gnn‘"cantly high or low model error are seen in the resudual
. contour plots in more than one pumplng condttlon ina specnﬂc area, it may mdlcate aqutfer parameters

in thva‘-___tarea need to be adjusted to eliminate these errors or adjustments need. to be made to the
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Figure 6-27
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Figure 6-28
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" Figure 6-29
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production well or recharge rates in the area.

Residual contours were produced by entering the difference of modeled to measured values for water .
elevation (error expressed in feet) i-nto the contouring package, SURFER. For both the February and
August 1992 pumping conditions a separate plot was made for layer 1 and layer 2, using shallow and
intermediate well error data Insufficient numbers of deep wells exist on the site .for a residual contour
plot to be ‘constructed for layer 3 Figures 6-30 and 6-31 show the residual contour plots for layer 1 and
layer 2 of the calibrated February 1992 pumping conditions. Figures 6-32 and 6-33 show the residual

contour plots for Iayer 1 and layer 2 of the calibrated August pumplng conditions.

Generally, model ‘errors across the site do not show significant trends between pumping sce_narios.
Areas of +1.0 ft model error were considered to be within acceptable leuels of error as they are well
below the +2. 0 ft cahbratlon cntena Regions of greater than 1.0 ft positive model! error are evident in
the GM-21 region in the shallow and intermediate plots of the February 1992 model data " Areas of more
than 1.0 ft negative model error are present in the vicinity of GM-13 and HN-25 in the shallow and
intermediate plots of the August 1992 model data. These areas of slightly higher model error were not
considered to be a concern, because the wells in these area were within the calibration criteria, and
during model calibration attempts were made to correct these areas of model error. Also these trends
‘in model error are not consnstent across pumplng conditions and may represent mcreased pumpage or
recharge at the productlon weIIs and recharge basins in the vncnmty of these wells during the tlme penod
when water elevations were measured. The model smulat:ons assume a constant pumplng and

recharge rate throughout the month, and short-term changes in pumplng or recharge rates could effect

the modeled vs. measured results
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Figure 6-31
Residual Contour Plot - February, 1992 - Layer 2
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Figure 6-32
Residual Contour Plot - August, 1992 - Layer1
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7.0 MODEL VALIDATION ~ ~~*~© == - o =

Model validation is a check on'_ how well the model can predict a sét of Water elevations, utiiizin’g the
model parameters established during model calibration. ‘Validétion helps ’estab!ish:conﬁdence in the -
model by predicting the heads at> observation points within the acceptéble levels of error given a set of
pumping conditions. Model validation for the MODFLOW model consisted of entering the known
pumping rates for productioh wells and recharge basins for two separate months, running the model to
a steady-state, and comparing model output to measured data for those months. Two validation

scenarios for January and July 1992 were simulated, ..

7.1 VALIDATION PROCEDURES

Two data seté of Grumman production well data and site wide monitoring well data were utilized
(January 1992 and July 1992). These two data sets were not used 'during' model caljbration and
represent independent data sets for model validation. The January 1992 and July 1992 data sets were
chosen for validation because these months occur immediately before February and August, 1992, which :

were used during calibration. The January 1992 ‘énd July 1992 data was considered to represent the

most similar boundary conditions to those used for calibration, as they occur in the Samé seaéd_ns as the = -

calibration runs. Precipitation data indicates that January and July are more similar to Febfuéry_’and_
Auguét, thén March and September (the other mo‘nt'hs considered for validation). Usiln'g months iri.‘similar _
seasons, with similar amounts of brécipitation for cé.libration and validation i_s irhportan't becausé the total
precipitation will effect the water elevations at the northern and southern constant head boundériés, which

effect water elevations across the modeled area.

For each validation scenério, the Grumman produCtioh well _data was input into the model, and 'run'to a
steady-state. 'The model output was then compared to measured results at eéch moniforing' well.
Pumping rates for Grumman -production wells were determined from the monthly -totals' for each well.
All of the water pumped from the production wells was assumed to be r'echarged' into the Grumman ‘
recharge basins. Hooker-Ruco recharge basins were assigned the same recharge ratés as those used

in the February and_,A,u'gust 1992 calibration runs. Pumping and recharge rates used for the .._lahuary and
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July, 1992 validation scenarios are listed in Table 7-1. _The recharge“baéin at GM;1SS waé not active
during the January, 1992 validation run, as water levels indicate that this activity did not begin until ‘
February 1992 (see Figure 6-1). The GM-15S basm was active in the July 1992 snmulatlon at the
recharge rate determmed during the August 1992 calibration run.

All other model parameters, such as recharge, horizontal and vertical hydraulic conductivity, were
identical to those used in model calibration. The January 1992 validation was performed using February

'1392 boundary conditions, while the July 1892 validation was performed using the August 1992 boundary -
conditions. ' ' B

7.2 VALIDATION RESULTS

Tables 7-2 and 7-3 present the results of model validation for January and July, 1992 scenarios. Figures

7-1 and 7-2 graphically illustrate the amount of model error for each monitoring well at the site. )

The January 1992 validation run results show that the difference between the mbdeled and measured
water elevations falls within the +2.0 ft criteria for 56 of 58 monitoring wells. Two wells (GM-6l énd_ GM-
' 17S) fall outside the +2.0 ft criteria. These wells are in the immediate vicinity of a production well and
recharge basin and, as- discussed in Sectlon 6.2.2, are conSIdered outlier wells and were not mcluded

in calculation of mean error because they may be effected by pumping or recharge actlwty

Results of the July, 1992 validation run show that the _difference betweeﬁ the modeled and measured
water elevations fall within the +2.0 ft criteria for the majority of the monitoring wells. Five wells, GM-6I,
GM-17S, HN-8D, HN-29D and HN-30l, are in the immediate vicinity of a broductidn well or recharge
basins, and as discussed in Section 6.2.2, are considered outlier wells and were not included in
_calculation of mean error because they may be effected by pumping or recharge activity. As shown inl
Figure 7-2, three monitoring wells, GM-7D, GM-8S and HN-281 showed a modeled to measured

difference of greater th'an' +2.0 ft. The remaining 51 of 59 monitoring wells fall withiﬁ the 2.0 ft criteria.

Due to the nature of the validation process, no aquifer parameters were altered between the calibration
runs and the validation runs, including the constant head elevations. The seasonal variation of constant

_head elevations which is suspected to exist in the natural system, was not accounted for in model
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TABLE 71

PRODUCTION WELL PUMPING RATES USED IN MODEL VALIDATION SIMULATIONS

PRODUCTION LOCATION LAYER % PUMPED JANUARY, 1992 (1) JULY, 1992 (1)
WELL ROW,COL FROM LAYER [ Actual Pumping rate m) | Model Pumping rate Actual Pumping rate m) | Model Pum ing rate m
PW-1 42,10 5 100% 781 781 1,093 1,003
PW-2 34, 11 5 100% 0 0 0 0_
PW-3 38,9 5 100% 0 0 0 0.
PW-4 - 39 11 4 100% 0 0 o Qo
PW-§ 31,9 4 100% ; 0 0 1 1
PW-6 27,7 3 1% 0 0 94 94
4 89% 0 0 759 759
SOUTH PRODUCTION WELL TOTALS: 781 781 1,947 1,947

1

23 GRID BLOCKS (2

WS 15, 13

GLTE REOHARGE BAGING © O EALLS D00, 0063

4
5 84%
PW-9 16, 16 4 100% 524
pw-10 | 18,19 4 100% 1
PW-11- 19, 23 4 37% 0
! 5 63% 0
PW13 12, 18 5 100% 0 .
PW-14 21,13 . 4 62% 0
5 38% 0
PW-15 14,26 5 100% 0
PW-16 9,31 4 100% 839 839 810

NORTH PRODUCTION WELL TOTAL:

24 GRID BLOCKS (2

GM-15S BASIN 41,38 1 100% 3) 0 &) 306 -
HOOKER-RUCO BASINS AVERAGE 1 100% (3) 202 (3) 838
(1) MONTHLY PUMPING RATE FROM GRUMMAN AEROSPACE DATA.

(2) CALCULATIONS ARE TOTALS FOR EACH BASIN GRID BLOCK.
(3) RECHARGE RATE DATA NOT AVALIABLE FOR HOOKER-RUCO OR GM-158 RECHARGE BASINS.

o

e



TABLE 7-2

MODEL VALIDATION RESULTS

JANUARY 1992

GRID JAN. 24, 1992 MODELED MODELED - MEASURED

WELL LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION (FT)
GM-28 2,331 75.49 .
GM-2| - 6,332 73.22 -1.75
GM-38 4,101 75.15 74.00 -1.16
GM-3I 6,92 74.68 73.71 -0.97
GM-48 7,91 75.94 75.37 -0.57-
GM-4| 7,8,2 74.53 73.90 -0.63
GM-5S8 10, 10, 1 74.20 72.92 -1.28
GM-5I 10, 10, 2 73.96 72.81 -1.15
GM-6S 11,21, 1 73.88 72.32 -1.56
GM-61 (1) 11,21, 2 68.69 72.27 3.58
GM-78 13, 27. 1 72.52 72.52 0.00
GM-71 13,27, 2 72.10 72.45 0.35
GM-7D 13,27, 3 71.01 - 72.30 1.29
GM-8S 15, 37,1 74.30 74.04 -0.26
GM-8| 15,37, 2 71.94 73.62 . 168
GM-9S8 13,9, 1 73.31 72.59 _-0.72
GM-8l 13,8.2 73.26 72.44 -0.82
GM-108 20,7,1 72.22 71.84 -0.38
GM-101 ©21,6,2 72.25 71.29 -0.96
GM-12S8 29, 15,1 71.70 70.73 -0.97
GM-12] 29,15, 2 171.33 70.69 -0.64
GM-138 31,23, 1 71.06 70.46 -0.60
GM13I 32,23,2 71.47 70.13 -1.34
GM-13D 34,22, 3 68.01 - 69.53 1.52
GM-14S 32,28, 1 69.32 70.33. 1.01
GM-14I 36, 25, 2 69.71 69.17 -0.54
GM-16S 41,-38, 1 - 6729 . 68.18 0.89
GM-15| 48, 40, 2 66.45° 66.41 _-0.04
GM-16S 36, 16, 1 68.53 69.23 0.70
GM-16l 36, 16, 2 69.15 69.18 0.03
GM-17S (2) 38891 72.49 69.74 -2.75
GM-188 45, 11,1 67.48 67.24 -0.24
GM-18I 44,11, 2 67.92 67.36 -0.56
GM-19S8 48,33,1 - 66.81 66.68 -0.13
GM-181 48, 33, 2 66.98 66.58 -0.40
GM-208 51, 16, 1 66.19 65.89 -0.30
GM-20I 51, 16,2 © 65.08 65.69 -0.28
GM-20D 51, 16, 3 64.95 65.44 0.49
GM-218 51,23, 1 65.31 66.36 1.05
GM-211 51,23,2 64.93 66.00 1.07
GM-228 51, 30,1 66.35 66.02 -0.33
GM-22] 51,30, 2 67.68 65.78 -1.90
GM-238 29,81 71.38 70.55 .-0.83
GM-23I 29,8, 2 - 71.79 70.51 -1.28
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TABLE 7-2 _
MODEL VALIDATION RESULTS

JANUARY 1992
JAN. 24, 1992 ~MODELED ‘ MODELED - MEASURED ]
HN-8D 17,37, 3
HN-24S 13,22, 1 72.35 72.16 -0.19
HN-24| 13,22, 2 71.73 72.10 0.37
HN-25S 16, 21, 1 . 73.07 71.88 -1.19
HN-25| 16+17, 21422, 2 73.02 - - 71.84 -1.18
HN-25D 16,21, 3 — . — -
HN-26S - 18, 26, 1 74.51 ' - 72867 -1.84
HN-26| 19, 26, 2 7424 ~72.49 -1.75
HN-27S 22+23, 30, 1 74.64 _73.71 -0.93
. JHN-271 5 22+23,30,2 74.08 73.18 -0.91
HN-28S 26+27, 29+30, 1 72.65 72.10 -0.55
HN-28I 26+27, 29+30, 2 71.91 , - 71.96 0.05
HN-29S 26+27, 26+27, 1 7276 & ‘ 71.72 -1.04
HN-29I 26+27, 26+27, 2 71.97 ~71.63 -0.34
HN-29D 26+27, 26427, 3 | . - 3 - -
HN-30S . 22, 36+37, 1 74.05 ' -75.48 1.43
HN-301 22, 36+37, 2 74.81 ) . 73.99 -0.82
NOTE: Calibration Criteria +/- 2.0 ft. : '
(1) Monitoring well not included in calibration due to proximity to production well.
(2) Monitoring well not included due to proximity to recharge basin.
"|MEAN ERROR: - -0.41
ABSOLUTE RESIDUAL VALUE: 46.02
MODFLOW WATER BALANCE ERROR:

.7-5 |
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TABLE 7-3
MODEL VALIDATION RESULTS .
JULY 24, 1992 PUMPING CONDITIONS

GRID JULY 24, 1992 ,- MODELED MODELED - MEASURED

WELL  LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION (FT)
GM-2S 2,33, 1 72.10 73.27 - 147
GM-2l . 6,33,2 71.05 71.41 0.36
GM-38 4,101 71.46 - 71.82 0.36
GM-3l 6,92 70.49 : 71.78 1.29

_IGM4S 7,91 73.04 74.58 1.54
GM-4| 7,92 70.42 72.13 1.71
GM-58 10,10, 1 70.04 70.45 0.41
GM-5I 10,10,2 69.68 70.32 0.64
GM-6S . 11,211 69.70 69.77 0.07
GM-61(2) 11,21, 2 64.39 69.67 5.28
GM-78 - 13,27,1 70.56 7125 0.69
GM-7I 13,27, 2 7036 - 71.04 0.68
GM-7D 13,27, 3 67.84 70.55 2.71
GM-8S - 15,371 74.71 . 76.83 212
GM-8I 15,37, 2 73.64 75.48 1.84
GM-9S - 13,91 69.17 70.09 0.92
GM-gl 13,9,2 69.05 69.89 0.84
GM-10S 20,7, 1 68.62 69.70 ~1.08
GM-10i 21,6,2 68.31 68.56 0.25
GM-128 29,151 68.60 ‘ 68.65 . 0.05
GM-121 29,15,2 68.04 68.60 0.56
GM-13S8 31,23, 1 68.88 69.42 0.54
GM13l 32,23,2 68.97 68.92 -0.05
GM-13D » 34;22, 3 66.67" - 68.29. 162
GM-148 32,28, 1 67.58 69.47 1.88
GM-14l 36,25,2 67.60 68.17 0.57
GM-158 41, 38,1 72.25 72.73 0.48
GM-151 48, 40,2 64.46 65.94 1.48
GM-16S 36, 16, 1 68.27 67.94 - -0.33
GM-16l 36, 16,2 68.20 ' 67.88 -0.32
GM-17S (2) 3891 - 73.42 69.90 -3.52

'|GM-188 45, 11,1 65.64 66.63 . 0.99
GM-18l 44 11,2 66.47 66.60 0.13
GM-198 48,33, 1  65.63 66.56 0.93
GM-19l 48,33,2 65.56 66.39 0.83
GM-20S 51,16, 1 66.78 . 66.21 ___-0.57
GM-201 51,16,2 66.13 65.80 -0.33
GM-20D 51,16,3 64.33 65.26 0.93
GM-218 51,23, 1 65.79 67.37 1.58
GM-211 _51,23,2 65.24 66.56 1.32
GM-228 51,30, 1 65.73 66.52 0.79
GM-22I 51,30,2 64.59 65.98 - 1.39
GM-23S - 29,8 1 67.98 : 67.68 -0.30
GM-23I ' 29,8,2 67.90 67.62 -0.28
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TABLE 73

MODEL VALIDATION RESULTS o | Loviiv me mk |

JULY 24, 1932 PUMPING CONDITIONS
~ - GRID JULY 24,1992 MODELED  MODELED - MEASURED |

WELL __ LOCATION (R,C,L) WATER ELEVATION WATER ELEVATION FT
HN-8D (2) 17,37, 3 70.88 74,87
HN-245 13,22, 1 6932 69.71 0.39
HN-24| 13,22,2 67.80 69.57 1.77
HN-25S 16,21, 1 69.83 6928 055
HN-25 16+17, 21+22, 2 69.26 69.20 -0.06
HN-25D 16,21,3 66.49 68.34 1.85
HN-26S 18, 26, 1 7291 72.48 -0.43
HN-261 19, 26, 2 - 71.47 72.03 0.56
HN-27S 22+23, 30, 1 77.70 76.91 079
HN-271 22+23,30,2 Destroyed - —
HN-28S 26+27, 29+30, 1 71.97 7266 0.69
HN-28 26+27,29+30,2 69.86 72.26 2.40
HN-295 26+27,26+27,1 | 71143 71.32 0.19
HN-291 - | 26+27, 26+27,2 69.27 _71.08 1.81
HN-29D (2) | 26+27, 26+27, 3 66.88 70.59 3.71
HN-30S 22,36+37, 1 80.64 82.40 1.76
HN-301 (2) 22, 36+37, 2 7484 .. 78,82 EXT

Note: calibration criterial +/- 2.0 ft. : .
(1) Monitoring well not included in validation due to proximity to production well.
(2) Monitoring well not included in validation due to proximity to recharge basin.

MEAN ERROR. . 075

ABSOLUTE RESIDUAL VALUE: - . 4864
MODFLOW WATER BALANCE ERROR: -0.04%
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Figure 7-1 *
Model vs. Measured Values, Jan. 1992
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Figure 7-2.
Model vs. Measured Values, July, 1992
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validation; because'if changes were made to the model constant head elevations the run w_duld be -
considered to be a calibration run rather than a validation run. This disparity betWeen the natural system
and the modeled system may account for the generally low modeled vs. measured results in the January
1992 validation run (-0.41 ft mean error) and the generally high modeled vs.‘ measured results in the July
1992 validatidn run (0.75 ft mean error). Apparently, naiural boundary conditidns were higher in the
January 1992 run, which used February boundary conditions, while the natural b‘oundary cOndivti'ons were
lower for the Jul.y validation run, which used August boundary conditions. The consistently low modeled
results across the site in the January 1992 simulation and the consistently high model results across the
site in the July 1992 simulation suggest that these differences may be due to constant head elevations
rather than errors in the hydraulic condUctivity or other model parameters. All aquifer parameters were.
constant at calibration values during the two validation ruﬁs. If fthe' consistently high and low modeled
valueé were due to errors in aquifer parameters (such as hydraulic conductivities, or recharge),' the
modeled to measured differences would show specific high or I_ow modeled values in all simulations

rather than the pattern seen in validation.
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8.0 PARTICLE TRACKING

MODPATH, a module of MODFLOW, was used to track the locations of par_tibles after simulated releases
of contaminants from suspected source areas. Particle tracking was performed to determine the possible
directions and rates that contaminants will rhove after a release. Several partide tracking scenarios were
.performed, each under a different pumping condition of Grumman pfoduction wells and recharge basins,
and with different BWPD well pumping rates. MOD'PATHH utilizes the groundwatér flow data generated =

by MODFLOW and simulates advective transport of particles. Other contaminant transport parameters,

such as diffusipn, ‘disp_s._-_rsiqn, cpntaminant half-life, are not considered in the MQDPATH'simulations. .

All MODPATH simulations were performed using'. the aquifer parameteré determined during model

calibration for pumping scenarios run to a steady-state.

Particle tracking anélysis is used to trace flow paths, expressed as lines, by _‘tracking the mov_emen{ of
infinitely small imaginary particles placed in the flow field. This process may also be used to determine
the capture zone of a well by releasing partlcles in a grid block, generally a well, and tracking the.

partlcles in reverse along pathllnes to determme thelr source.

8.1 PARTICLE RELEASE LOCATIONS. =

For each pumping configuration, particle tracking énalysis was performed for three' sepérate release
locations. Particles were released’ from 'poss‘ible_‘ contaminant sources at Site 1 and the northern
Grumman recharge basins. For these two sites pérticle tracking was performed in the forward direction
to determine where parti_cles would move With time. Particles were -also released ‘at the eastern BWD
wells (BP-07, BP-08 and BP-09) and particl‘e tracking was performed in reverse to determine the capture
zones of these wells under the various pumping conditions. For all particle tracking simulations, recharge

was applied to the top layer of the modei_; particleé were not influenced by weak sinks; and, particles _

were not placed in constant head nodes.



8.1.1 Site1 .-

The particle release location of Site 1 is shown in Figure 8-1. Particles v'velr,e’released from four grid
blocks with two particles being released from each face of each block. Twelve particles were released

from each grid block with a total of 48 particles released from Site 1.

8.1.2 NWIRP Basins

The particle release locations of the NWIRP recharge basins are shown in Figure 8-1. Particles were

released from 16 grid blocks with one particle being released from each face of each block. Six particles

were released from each grid block with a total of 96 particles released from the north recharge basins. =

8.1.3 BWD Wells

Particles were released from each of the three BWD wells to the east of the NWIRP. The location of
these wells is shown in Figure 6-6. Four particles were released from each face with 24 partic:_lé_s -
released from each well. These particles were backwards tracked to determine where they originated -

in order to define the capture zone of each"yv,elll. :
8.2 - PUMPING SCENARIOS

Several pumping scenarios.werg considered for particle tracking simulations. These _pUmping scenarios
were based on past, current, and future potential pumping configurations' at the Grumman production
wells, Grumman rec.harge basins, and BWD wells. The emphasis of these Vsir‘nulations was to determine
.where particles will move after a release from potential contaminant sources and what effect, if any, fhese

potential contaminant sources will have on BWD wells.

The results of the MODPATH particle tracking analysis are presented as water table maps which reflect
the modeled water elevation in layer 1, with the particle tracks overlaid. Présenting both particle tracks
and the water table allows for the inspection of the particle trackways, and the geometry of the water

table, which is controlled by the wells and basins which are active during each pumping scenario.

8-2



LACAD: 1953\OTHER.DWG - MB . 6/8B/33 . (4@0plot) (4@edwg)
. ] ) .

e el e W

COLUMN NUMBER '
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

(\ .
| ] D
'127/7 (L \Q:ILPW T3 labbd,
™~ ~ ' RECHARGE
. : ~
T T e
~J_ T X
Mo / L\ ~ L AL Pw=n s TR —
1 \\ ~ \\I TN \\ ' . CM—8 .5,
| / f—l\\\ k\\ 7/ \QZ\ \/ = Nl
x =AY e B ~
eSS RS |77
mw / : / / t\ NS / Pam ~ k\/ !
B [ LS BPWEIE E T 4o,
NI NI F R R =S S R A
=N\ / ANV S N == ¢ R
A NN L HN=P9TS o %é)
23-24\1\ ™ | HN—P9 D AR WD
w24 PN ~ONT29 I Y hNERY)
25\ RN \ N30 S
: - T =T ; . TN JY T
.26 \ ' \ /\\\1 ﬁi\ ’%7
A I,
“ \ N\ Z\:7C Ry [ iHiNE 27 $3
| HNF28 S
28 _ N [T \3£:\ / —HN+28 1
Al R _\/[:\7C\ =~ |
'zg\' oM—121S, | T \ISITE 1
0 400 800 |
SCALE IN FEET ' , . FIGURE 8-—1

PARTICLE RELEASE LOCATIONS
'SITE 1_AND RECHARGE BASIN ddma HAI.I.IBURTON NUS
BETHPAGE NWIRP \V, y Environmental Corporation
8-3 .




8.2.1: Cumrent Conditions . o ST ' . a ST L

Current condmons were SImulated in order to determlne where contaminants may be moving under
| current pumping conditions. Production well pumplng rates for current conditions at the'Grumman site
were determined from 1991 and 1992 average pumping rate data. The yearly average was determined
for each Grumman production well, and pumping rates uéed in the scenarios for these wells are listed
in Table 8-1. All water removed from the .pumping-wells north of the LIRR tracks was recharged to

northern recharge basins, and water removed from the south Grumman prbduction wells was recharged

to the south Grumman recharge basins.

. BWD wells prpductgg rate data wés determined frorﬁ 1991 and 1992 average pumping rate data, and
" pumping values‘ used in the scenarios are shown on Table 8-2. The BWD wells were considered to be
pumping at 120% of 1991 and 1992 rates, and well BP 09 was considered to be active despite it being
taken off-line in 1991. These assumptlons represent conservattve estimates of the current conditions at
the BWD wells. Three recharge basins were considered to be active on Hooker-Ruco property, pumping
-at 202 gpm per basih, a rate determined during model calibration. In all of the pumping conditions water
pumped from the BWD well was considered to be removed from the flow system. The northern and

southern constant head elevations were averages of the February and August conditions.

The parﬁble tracking results for current pumping conditions are illustrated in Figures 8-2 through 8-4.
Table 8-3 summarizes starting location and final location results of the particle tracking analysis, and the

maximum and minimum travel times for all pumping conditions. Results of the particle tracking are listed
below: ’ '

L -4

All particles released from Site 1 under current pumping conditions are captured by PW-01,

Particles released from the re'charge basins show that 30% of particles released are captured

Grumman production wells PW-01, PW-09, PW-10, PW-1, PW-15 and. PW-16. The remaining -

70% of the particles flow to the south constant head boundary. No particles from the north

recharge basins are captured by BWD wells BP-10 or BP-11, and,

The capture zone for BWD wells BP-07, BP-08 and BP-09 exténds into the northern constant
head boundary. 4 '

8-4

D,
ws



| G-8

TABLE 8-1
AVERAGE GRUMMAN PRODUCTION WELL PUMPING RATES FOR OCTOBER 1991 THROUGH SEPTEMBER 1992

PRODUCTION LOCATION LAYER % PUMPED 1991/1992 AVERAGE PUMPING RATE (1) HIGH PUMPING CONDITIONS

FROM LAYER

PW-1 42, 10 5 100% 1,497,655 11,040 - 4,296,000 900
PW-2 34, 11 5 100% 132 ' 0.092 . 1,296,000 900
PW-3 38,9 5 100% 105,441 73 B 1,296,000 900
PW-4 39, 11 . 4 100% 211 - 0147 1,296,000 1900
PW-5 31,9 4 100% 285 0.198 . 1,296,000 900
PW-6 27,7 3 11% 47,760 . "33 ' 142560 99

4 89% . - 386418 - . | - 268 . | 1153440 | .. .80t

- - 207,360
. 4,040 3 : - 1,088,640 ' 756
PW-9 ‘ 16, 16 4 100% -~ 716,967 1,296,000 - 900
PW-10 18, 19 4 100% 790,707 1,296,000 ° 900
PW-11 19, 23 4 37% - < 149,128 . . 479,520 , 333
L 5 . 63% . 253,921 816,480 . 567
PW-13 12, 18 5 " 100% 702,770 1,296,000 - 900
PW-14 21,13 4 62% 170 803,520 v 558
5 38% , 104 492 480 342
PW-15 1 14,26 5 100% 318,482 1,296,000 : 900
PW-16 © 9,31 4 ’ 1,173,992 1,296,000
NORTH PW TOTAL .
NORTH RECHARGE BASINS S OUTPALLS D0 :
24 GRID BLOCKS (2] — 1 100% 171,294 119 . 432,000 300

(1) Monthly pumping rates from Grumman Aerospace data.
(2) Calculations are totals for each basin grid block.




TABLE 8-2

AVERAGE AND HIGH PUMPING RATES FOR BWD WELLS

WELL | NYS DEC GRID TOTAL | SCREEN  |CURRENT CONDITIONS (1) |HIGH PUMPING CONDITIONS (2
NUMBER | NUMBER | LOCATION (R,C,L) | DEPTH (ft) |INTERVAL ' '
7 8767 13,495 655 590 t0 656 0.96 667 _ 176 1,222
8 8768 14,49,5 682 61710 677 124 861 1.66 1,153
9 6078 12,49, 3 280 22510 275 1.24 (3) 861 (3) 1.76 1222

22,52, 5

542 to 602

0.05

6915 59, 46,5 ‘608 540 to 603 '0.60 417 2.00 1,389
11 6916 60,46, 5 611 556 to 606 032 222 1.76 1,222
5 8004 Off Grid (4) 740 67510735 .. 0.32 222 177 1,229
6-1 3876 61,27, 4 386 321 t0 381 0.50 347 1.84 1,278
62 ‘8941 | 61,305 775 | 71010770 037_ 257 1.70

1,181

(1) Datais 120% of 1991 average pumping rate (from1991 Bethpage Water Dlstnct Annual Operatlons Report).

(2) Actual Capacity of Wells.

(3) Well 9 assumed to be pumping at same rate as well 8, although well was not pumping in 1991.
(4) Well BP-05 is located off of the model gnd Pumping rates are given for comparison to other BWD wells.

fbgs = feet below ground surface.
mgpd = millions of gallons per day.

e
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Figufe 8-2 .
Particle Tracking Results - Site 1 Release - Current Conditions.
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Figure 8-3 ,
Particle Tracking Results - NWIRP Basin Release - Current Conditions.
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Figure 8-4
Particle Tracking Results - Capture Zones of BWD Wells - Current Condmons
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TABLE 83

SUMMARY OF PARTICLE TRACKING RESULTS AND TRAVEL TIMES

ed..

Eercentqge of Particles Reaching Each Location

G;'untnan' BWD Particle Release Number _
Pumping Pumping Location of Particles Min./Max. Constant Head Min./Max. BWD Min./Max.
iti i Tr. i Bounda Travel Time

Current Current Site 1 48 100 % 14.8/53.5 0% 0 0% 0
Conditions Conditions Recharge Basins 96. 30% 24/13.8 - 70% 20.4/55.5 0% 0
BWD Wells {1) 72 0% — 100% 1.7/21.6 - -~
_ Site 1 48 100% . 38/11.8 0% - 0% 0

High Average Recharge Baslﬁs 96. 73% 0.8/40.4 24% 20.7/58.2 3% 10.4/24.1
BWD Wells (1) 72 7% 7.4/18.6 93% 1.6/349 - -
Site 1 48 100% 40/11.6 0% 0 0% 0

High ' High Recharge Basins 96 65% © 0.8/303 2% 30.9/69.9 33% 7.4/49.5

BWD Wells (1 72 7.11/15.4 ’

(1) Capture Zone analysis performed for BWD wells.

(2) Recharge basins inactive during No Pumping conditions. .

Site 1 48 0% 0 100% 49.7/585 0% 0
No Pumping Average | Recharge Basins (2) 0 - - - - - -
BWD Wells (1) 72 0% 0 100% 28/188 — .~

Site 1 48 0% 0 0% 0 100% 48.8/58.0
No Pumping High Recharge Basins (2) 0 - - - - - -
BWD Wells (1) 72 0% 0 100% 1.7130.9 - -




.8.2.2 High Pumping Conditions ‘ . ' SR
Hi-ghl pumping conditions were simulated to determihe where particles may héve moved from contaminant -
sources during past pumping conditions. Before 1985 'additio'nal pumping/recharge activity at the '
Grumman production wells and recharge basins may have occurred .due to the in;:rea'sed manUfaéturing
activity at the facility. High pumping conditibns at Grumman were simulated by pdmping all 14 production
wells at 75% of maximum capacity, as listed in Table 8-1. All water pumped by Grumman production
wells was returned to the recharge basins. Three recharge basins were considered to be active on
Hooker-Ruco property, recharging at 202 gpm per basin (this rate was detérmined during model

_calibration). The nqrthemhand South constant head elevations were averages of the February and August

. 1992 conditions. Two separate scenarios were considered for.past pumping conditions at the BWD wells,

as described below.
8.2.21 Averégg BWD Well Pumping Conditions

Average BWD well purhping conditions were simulatved by pumping bat the rate'determined from 1991 and
1992 average pumping rate data. Pumpi‘r]gv valueé used in the scenarios are shown on Table 8-2. The
BWD wells were considered,.to» be pumping at.‘!_20% of:1991 and 1992 .rates, and well BP-09 was"
" considered to be active des»pite. it being taken: off-line in 1991. These assumptioné représent

conservative estimates of the current conditions ét the BWD wells.

The particle tracks fof_ high Grumman pumping and average BWD pumping 'COnditions are illpstrated in

“Figures 8-5 through 8-7. Results of the particle tracking are listed below:

All pérticles released from Site 1 are captured by PW-14 and PW-05, R
73% of particles released from the recharge basins are captured by the Grumman production’

wells, 24% reach the south constant head boundary, while 3% of particles reach BP-08 from the
NWIRP recharge basins, and, - - ' | |

~ The capture zones for BWD wells‘BP-07, 'BP-OB and BP-OQ extend primarily into the »northern
constant head boundary. Some particles originate in the vicinity of the NWIRP recharge basins.

Three patticles (4% of total) move from the north 'recharge basins to BP-08, while two particles

811



Figure 8-5 . : . - A
Particle Tracking Resuits - Site 1 Release - Grumman at High Pumping Conditions, BWD at
Average Pumping Conditions. ' ‘
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Figure 8-6 .. | -

Particle Tfacking Results - NWIRP Basin - Grumman at High Pumping Cdndition§ BWD at
Average Pumping Conditions. ' ’
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Figure 8-7 - ' B -
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(3% of totai) move from northwest of the recharge basins to BP-09.

8.2.2.2 High BWD Well Pumping Conditions

This pumprng condltlon was simulated to determlne were partrcles may have moved under past pumping _

condltlons These high pumplng condrtrons may not have occurred in the past for extended periods of
time, as assumed in the model run. However, these situations may represent end- member flow

| conditions which affected groundwater flow at the srte ‘In this scenario all BWD wells were pumplng at

their actual (hrghest) capacrty

' .'lihe 'particle tracks for high Grumman pumping and high BWD pumping conditio.ns are illustrated in

Figures 8-8 through 8-10. R_esultso’f the particle tracking are listed below: | .‘

Al partlcle released from Site 1 are captured by PW—14 and PW-05, _
65% of particles released from the recharge basins are captured by Grumman production
wells with 2% reachrng the south constant head boundary BWD well BP-11 receives 19%,
BGD-1 recelves 7% BP-08 recelves 6% and BP-09 receives 1% of the total partlcles released,
The capture zones for BWD wells BP 07 BP 08 and BP- 09 extend primarily into the northern

constant head boundary, although 8% of partlcles move from the NWIRP recharge basrns to BP-
08. ' - '

- 8.2.3 No Pumping Conditions

No pumping conditions were srmulated to determrne how contaminants would move if Grumman
. .production. wells and recharge basrns were lnactrve and no pumping activity was occurring at- the
. Grumman site. These condrtrons may have occurred dunng the past, durmg holidays or dunng periods
-of slow production. All Grumman productlon wells ‘and recharge basins were considered to be inactive.

'Recharge basins at Hooker-Ruco were consrdered inactive. ‘As with all pumping scenarios, the northern

~and southern constant head elevatlons were averages of the February and August 1992 condmons

Two separate scenarios were considered for past p’umping conditions.at the BWD wells, as described

. 815



Figure 8-8 ' _ o : :
Particle Tracking Results - Site 1 Release - Grumman at High Pumping Conditions, BWD at .
-High Pumping Conditions. ' : , A
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Figure 8-9 - .

Pgr‘ticle Tracking Results - NWIRP Basin - Grumman at High Pumping Conditions, BWD at
High Pumping Conditions. . b
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Flgure 8- 12

Particle Tracking Resulits - Capture Zones of BWD Wells - No Pumping at Grumman BWD at

Average Pumping Conditions.
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~ Figure 8-13
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Figure 8-14

Particle Tracking Resuits - Capture Zones of BWD Wells No Pumplng at Grumman BWD at
High Pumping Conditions.
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FIGURE 9-1

SENSITIVITY ANALYSIS RE

Percent Change ~ Mean Absolute

Parameter in Parameter “Error Residual
K increased +50 % -0.55 38.85
K increased +25 % -0.32 31.98
Calibration Value 0% -0.01 28.26
K decreased 25% 0.52 40.27
K decreased -50 % 1.56 91.93
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T

- results in a higher absolute residual value. Conversely, a decrease of 25% or 50% resulfs ihia i‘i{igh}er-
mean error (i.e., modeled values are too high as' the flow -through the aguifer is reduced) and a higher
absolute residual value. . An decrease of 50% results in a significant increase in both mean error and
~ absolute residual vaiues, indicating themodel results are sensitive to a decrease of greater than 25%
of horizontal hydraulic eenductivity in comparison to calibrated values. The model results are not highly
sensitive to an increase of up to 50% and an decrease of up to 25% of horiiontal hydraulic conductivity.
However, while the model results may not be highly sensitive to changes in horizontal conductivity of this

magnitude, these changes do produce less favorable solutions than the calibrated model.

9.2 VERTICAL HYDRAULIC CONDUCTIVITY

Vertical conductivity values were increased and decreased by 25% and 50% for the sensitivity analysis.
For each parameter change, the rnOdeI was run to a steady-state, and the mean error and absolute
residual values were calculated and compared to the values for the calibrated values of parameters. The

results of the sensitivity analysis are illustrated on Figure 9-2.

The results of the Sensitivity analysis indicate that an increase in vertical hydraulic conductiVity of 25%

or 50% results in lower mean error values (i.e., the modeled values are too low) and results in a higher

.. absolute residual value. Conversely, a decrease of 25% or 50% results in higher mean error (i.e.,

modeled values are too high) and a higher absolute residual value. A decrease of 25% results in minimal
change in the model output, while_'an decrease of‘50'% results in a significant increase in both mean error
and absolute residual vaiuea in comparison to calibrated values. ' This indicates the model results are
sensitive to a decrease of greater than 25% of vertical hydraulic conductivity. “The model resuits are not
highly sensitive to an increase of up to 50% and a. decrease of up to' 25% for vertical hydraulic
conductivity. However, while the model results may not be highly sensitive to changes in vertical

conductivity of this magnitude, these chahg_es do produce less favorable solutions than the calibrated
model. |
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Fig.9-4 Sensitivity Analysis
HN-27S3 Drawdown for Pump Test #1
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Figure 9-5 Sensitivity Analysis

HN-261 Drawdown for Pump Test #1
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FIGURE 9-9

SENSITIVITY ANALYSIS RESULTS FOR POROSITY

[ T .

PARTICLE POROSITY DECREASED 25% CALIBRATION VALUE -POROSITY INCREASED 25%
NUMBER |TRAVEL TIME (DAYS)| % CHANGE | TRAVEL TIME (DAYS) | TRAVEL TIME (DAYS) % CHANGE
1 10710 24.95 14270 17840 25.02
2 10580 25.02 14110 17640 25.02
3 13050 25.04 17410 21760 24.99
4 1105 25.03 1474 - 1842 24.97
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Figure 9-10
Particle Release Locations Used in Porosity Sensitivity Analysis.
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9.5 RECHARGE - - o e

Recharge values were increased and decreased by 25% and 50% for the sensi’t_ivity analysié. For each
parameter change, the model was run to a steady-state, and the mean error and absolute residual values
were calculated and comparéd to the values generated with the calibrated values. The results of the ,

sensitivity analysis are illustrated on Figure 9-11.

The results of the sensitivity analysis indicate that a decrease‘ ih recharge of 25% or 50% results in lower
mean érror values (i.e., the modeled values are too low due to the decreased water flux into the system)
and results in a higher absolute residual value. Conversely, an inc;rease of_gﬁf’/o or 50% results in higher
mean error (i.e., modeled values are téo high due to more water entering the system) and results in a
higher abéoluﬁe residual value. Chahges in the recharge to the system exhibit a linear (predictable)
relationship to the meah error ahd absolufe residual valuevs', with an equal amounts of mean error

increase and absolute residual error increase being incurred regardiess of whether recharge is increased
or decreased. ' ’

9.6 BOUNDARY CONDITIONS

To determine the effect of more distant boundaries on the capture zone of the eastern BWD wells (BP-
07, BP-0.8, BP-09), the northern constant head boundary condiiibns in the MODFLOW model-were moved
1400 ft to the north. ThiSArAesg‘ltéd in @ 40% increase in the distance between the BWD wells to the -
northern constant head boundary. A sensitivity analysis was performed .to determine whether a more
distant constant head boundary wouid increase the size of the capture zone of the BWD wells and if

additional particle movement could be éxpec;_ted from the NWIRP recharge basins to the BWD wells.

Two pumping scenarios were considered for the sensitivity analysis; an averége pumping condition and
a high pumping condition. In the average pumping condition Grumman wells were pumping at 1991/1992
average rates, and BWD wells were running at 120% of the 1991/1992 average rates. High pumping

conditions had Grumman wells runnihg at 75% of maximum capacity and BWD wells running at their
actual (highest) capacity.
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FIGURE 9-11 . S
SENSITIVITY ANALYSIS RESULTS FOR RECHARGE

Percent Change Mean .. .- Absolute

Parameter in Parameter Error Residual
Recharge increased +50 % 0.62 41.12
Recharge increased +25% 0.31 31.39
Calibration Value ‘ 0% -0.01 28.26
Recharge decreased 25 % ! -0.30 32.25
Recharge decreased -50 % -0.65 42.15
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Results of each pumping condition are illustrated- as the capture zone of the BWD wells under each
pumping condition and constant head boundary location. Figures 9-12 and 9-13 show the capture zone -

of these wells under average and high pumping conditions with the north_ern cons_ta’nt' head boundary in
| the location used d‘ur‘ing’ealibration.. The results of the sensitiAvity analysis with a more distant constant _

head boundary are illustrated on Figures 9-14 and 9-15.

A comparison of thecapture zones for the BWD wells under calibrated conditions (Figure 9'1.3) and the
sensitivity analysis conditions for average pumping at the wells (Figdre 9—1'4) show that these two
conditions have capture zones of similar shapes. The capture zone of the BWD wells does not
significantly increase if the north constant head boundary is moved 1400 ft north. Similar results are

seen when comparing the capture zone of these wells under calibration condntlons (Frgure 9-13) with the
sensrtrvrty analysis conditions for high pumpmg at the wells (Figure 9-14). Under calibration conditions,
6 of 72 particles released from the BWD wells ongmate in the vicinity of the NWIRP recharge basins,
while 8 of 72 particles released originate in the vicinity of the recharge basins. These sensitivity analyses

indicate moving the north constant head boundary does not produce a significant change in the capture
zones of the BWD wells. ' ' ' ’
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- Figure 9- 12 - . ...
Capture zones of BWD Wells - Cahbratlon Loca’uon of North Constant Head Boundary BWD

at Average Pumping Rate.
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Flgure 9-13 :
Capture zones of BWD WeIIs Calibration Location of North Constant Head Boundary BWD

at High Pumping Rate.
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Figure 9-14 T ,
Capture zones of BWD Wells - Sensitivity Analysis Location
Boundary- BWD at Average Pumping Rate.
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Figure 9-15 ... :
Capture zones of BWD Wells - Sensitivity Analysis Location of North Constant Head
Boundary- BWD at High Pumping Rate. '
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10.0 CONTAMINANT FATE AND TRANSPORT

10.1 - GROUNDWATER: SUMMARY OF COMPUTER MODELING STUDY AND RESULTS

The following section summarizes the procedures and results of the comvputer' modeling

performed as part of the RI report for the Bethpagé NWIRP.

10.1.1 .  Computer Modeling Obiectives

The general objectives of the RI computer: modeling were to provide data on the overall ‘

groundwater flow in the area of the NWIRP and to determine the potential flow directions of

contaminants which may originate on the site. ' The specific objectives of the computer modeling
at Bethpage NWIRP are listed below: .

L g

. Provide a general characterization of the subsurface conditions underlying
Bethpage NWIRP. ' '

. Develop a flow model which accurately represents groundwater flow ih_the area
around the Grumman site, with an emphasis on the groundwater flow in and

around the NWIRP.

. Model the flow directions of simulated contaminant releases under a Variety of

production well and NWIRP recharge basin pumping conditions.

10.1.2 Summary of ModelingApproach

The flow model was developed in several related steps, which are as follows; (1) Collect existing

data and construct the conceptual model, (2) select the appropriate numerical groundwa_tér model,
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(3) input initial parameters into model, (4) perform calibration on two months of steady-state data,
- and two sets of transient pump test data (5) perform validation on two months of steady-state

data, (6) perform particle tracking simulations, (7) conduct sensitivity analysis for flow model
parameters. | '

10.1.3 Cbnceptual Model

To accurately simulate the pehavior of groundwater and particle movement, it is first necessary
to obtain a detailed understanding of the geologic ahd hydrogeblogié factors which cdntro_l
groundwater flow at a site. The conceptual model of the groundwater system’was developed
from information gathered on site conditions during a literature review conducted prior to
construction of the model. Initial values of geologic and hydrogeologic parameters were obtained

from a variéty of literature sourcés and from two pumping test performed at the NWIRP.

Key features of the conceptual model are: .

. The water table is present within the upper portion of the Magothy aquifer across
most of the modeled area. The Magothy aquifer is considered to be the most

significant water-bearing unit in the vicinity of the NWIRP site.

. The upper glacial and Magothy units are considered to function as a single aquifer,

as no barrier exists between these units to pvr’event the éxchange of water.

. All Grumman production wells, recharge basins and BWD wells are located in the

Au‘pp'ér glacial aquifer, or within the Magothy aquifer.

. The base of the flow system is the Raritan Clay unit, which is considered to be
| impermeable.

. The aquifer is considered to be unconfined. -
. No natural surface water bodies are present within the modeled area which
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significantly effect groundwater flow in the model area.

Key features of the computer model grid are:

10.1.4

The model grid covers the NWIRP, Grumman property, and BWD wells to the east
and south. |

Model grid columns are oriented parallel to the normal (non—pumping) groundwatér
flow.
Grid spacing is most dense in the area of the NWIRP, where the direction of -

groundwater flow is of primary interest. Grid spacing widens towards the edge of
the grid. ' '

The model grid consists of five layers, which were determined based on the
screened intervals of shallow intermediate and deep monitoring wells. Layer 1
contains shallow wells, layer 2 contains intermediate wells, layer 3 contains deep

wells and one BWD well, layer 4 and 5 contain Grumman production wells ‘and
BWD wells. .

Constant head boundariés are pfesent along the north and south grid boundafies, '

and no flow boundaries are present along the east and west grid boundaries.

Computer Code Selection

The modular three-dimensional ﬁnite-difference grou_ndwéter flow model (known as MODFLOW)

was chosen to be used for this' modeling project because it is capable of simulating the

conceptual model developed for the NWIRP site. MODFLOW was developedz by the U. S.-

Geological Survey to simulate groundwater flow in a Variety of situations (Mc Donald a_nd.

Harbaugh, 1988). This model can be used for tWo-dimensionaI or three-dimensional applications, ;

and can simulate the effects of wells, recharge, drains, and rivers as well as a variety of boundary

conditions. MODFLOW has been used extensively at hazardous waste sites for simulation of
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groundwater flow, evaluation of remedial alternatives, and can be used in conjunction with other
programs for modeling of contaminant transport and particle tracking. MODFLOW uses.a block-

centered grid for solving the finite-difference groundwater flow equations.

'MODPATH is a three-dimensional particle tracking code that was developed by the U. S.
Geological Survey (Pollock, 1989). MODPATH operates separately frorr{MQDFde, and utilizes
heads calculated in MODFLOW to determine the direction of particle movemeni with time.
Particle flow directions can be traced forward in time to determine where particles released from

a potential contaminant source may move, or particles can be tracked in reverse to determine well

capture zones. ..

10.1.5 .  Model Calibration

Model calibration refers to a demonstratlon that the model is capable of producing water_ .

elevations which are comparable to water elevations measured on -site. Cahbra’non included
performing steady -state simulations for two separate pumplng conditions at thé Grumman s:te

low pumping conditions for Grumman production wells dunng February 1992, and high pumping
conditions for Grumman production wells during August 1992. Calibration also included”

conducting transient simulations for two pumping tests which were carried out at the NWIRP site.

Model calibration was conducted to generate a best fit. ‘for both steady-state and transient
conditions. Calibration was performed mterac’uvely between ftransient and steady-state

simulations. The final calibrated model minimized the model error for both the steady-state and

transient simulations.

Steady-state calibration simulated two monthly pumping scenarios. Simulated water elevation
data was compared to measured data at 61 monitoring wells across the modeled area. Steady-
state simulations were run until there was less than .0001 ft of change in head during one
iteration of the simulation. Both steady-state and transient model calibration was performed by .
adjusting initial values of aquifer parameters and boundary' conditions. until an acceptable match
of the modeled data‘was achieved when compared to observed measurements. To more

accurately represent natural condmons recharge was added to 3 recharge basins on Hooker— '
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~ Ruco property, and to one recharge basin in the vicinity of well GM-155 during model calibratioh.
These basins were activated to compensate for recharge which may have occurred at these

basins during the months considered in the mode! calibration.

Transient (stressed) conditions were calibrated by simuiating two pumping tests performed at the
NWIRP site. These pumping tests produéed drawdowns within a small portioh of the model grid
and transient calibration efforts were focused on this section of the model.  Simulated drawdowns

were compared to measured drawdowns for the transient calibration runs.

Calibration Criteria =~ o B e

The steady-state flow .model Was considered calibrated - when the’ modeled steady-state
simulations were within 2.0 ft of measured values at the mohiioring wells. The calibration criteria
was determined as one-half the natural water table ﬂuctuatior; across the site. This calibration
criteria of + 2.0 ft was met for all 'of thé 61 monitoring wells on site,_with the exception of 8
monitoring wells. These wells which :falli dutside the calibration criteria are located in the
immediate vicinity of active recharge basins or production weIlsA,'which may have effected the
calibration results. A more rigorous calibration criteria of + 1.0 ft was met for the modeled versus
measured drawdowns for the two transient pumping test simulations. The + 1.0 ft calibration
criteria was used for the pumping‘test simulations because these pumping tests effected a small V
portion of the model grid where grid spacihg is 'most dense, and flow in and around the NWIRP

.. is of primary interest as potential sources of contaminants (Site 1) are known to exist in this area.. . ‘

Calibration Results

For each Steady-staté calibration mn,’the difference in head between the measured and modeled
heads was noted. The measured minus modeled value indicatés if the measured water elevation
at a well is within the calibration criteria. In addition to this value, two other quantitative

calculations were preformed for the calibration runs to determine how closely the modeled data

fit the measured data.

The sum of the differences of modeled data to measured data (referred to as the mean error)
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indicates the amount of positive or negative model error for the calibration run. A zero value of
mean error .indicate’s equél amounts of posifive and .negative model error, (i.e., the model-
predictions are not consistently high or low). Final calibration results for low pumping conditions

have a mean error of -0.01 ft for low pumping conditions, and 0.02 ft for high pumping conditions.

The mean error was minimized during model calibration. A small value of mean error élone does -
not indicate a good calibration, as both posntlve and negative mean errors are lncorporated and
may cancel out. For this reason, an additional measure of model accuracy (absolute reSIduaI

value) was calculated.

The absolute residual value is thé sum of the absolute values of the differences between
measured and modeled data for each monito'ring well. A low absolute residual value indicates
~ a good match between measured and rriodeled,data, with a zero value indicating an exact match
between measured and modeled data. The absolute residual value for low pumping conditions
was 28.26 ft, and for high pumping conditions the absolute residual value was 36.64 ft. The
absolute residual value for low pumping and high pumping conditions was minimized during
calibration, and these absolute re‘s‘idual values' were cohsidered‘to be acceptable for these -

simulations.

The outlier wells that fall outside the calibration criteria were not included in the calcuiation of
mean error or absolute residual error because these wells were interpreted to be influenced by
active recharge basins and 'productio_n wells and, therefore do not accurately reflect the modeled
conditions. Pumping rates,: used in the model were derived from monthly averages at each
production well and do not reflect daily fluctuations in recharge ‘basin water levels or production
well pumping rates. The measured water elevations represent a 'snap-shot' of water conditions,

while the modeled condltlons reflect steady-state conditions. Therefore water elevations taken
at monitoring weIIs in the |mmed|ate vicinity of active recharge basins or production wells may be
influenced by pumping or recharge activities. The majority of monitoring wells are distant enough ,
from recharge basins or pumping wells so that they are not effected by short-term fluctuation
caused by pumping or recharge. The average pumping rates used in thé model can accurately
simulate water levels, as indicated by the close fit of modeled to measured water elevations at

most of the monitoring wells during calibration.
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In addition to the statistical checks made on calibration solutions noted above, the water balance
of each calibration run was checked. 'This water balance measurement is generated-by the
MODFLOW model, and is an independent check on the total amount of water entering and

leaving the flow system. All calibration runs fell below the + 0.50 % water balance error criteria.

Statistical anaiysis on thé calibration results were performed to determine how well the fnodel
data matched the measured data, and to determine if any trends were present in the distribution
of model error. Linear regression data for the calibrated steady-state model indicates that a
nearly direct relationship exists between the rﬁodeled and measured data. Similarly, a linear
_ regression for the modeled and measured drawdowns for pumping test #1 shows a nearly direct
relationship between measured énd modeléd results. The simulation of pumping test #2 was
more difficult to model due to the small améﬁnts_of drawdowns produced (< 1.0 ft) in the
observation wells. The regression data for this data shows more scatter and a less direct fit of
the modeled data. Residual contour plots, which show a contour plot the model error for the

steady-state simulations, indicate no significant trends were present in the modeled data.

10.1.6 Model Validation

Model validation is a check on how well the model can predict a set of water elevations, utilizing

the model parameters established during calibration. = Model validation for the flow model

consisted of entering the known pumping rates for production wells and recharge basins for two
.separate months, running the model to a steady-state, and comparing model output to measured

data for those months. Two validation scenarios were simulated, January 1992 and July 1992.

These two data sets were not used during model calibration and represent independent data sets '

for model validation. The January and July data sets were chosen for validation because these
months occur immediately before February and August 1992, which were used during calibration.
The January and July data was considered to represent the most similar boundary conditions to
those used for calibration as they occur in the same seasons as the ‘calibrétion runs. Precipitation
data indicates that January and July 1992 are more similar to February and August 1992 (rather
than"March and September, the other months considered for validation). Using months'in similar

seasons, with similar amounts of precipitation for calibration and validation is important because
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the total precipitation will effect the water elevations at the north and south constant head

boundaries, which effect water elevations across the modeled area.

The January 1992 validation results show that the difference of modeled to,measufed water
elevatioh falls withih the £2.0 ft criferia for 56 of 58 vmonitori'ng wells. Two wells which fall outside
the 2.0 ft criteria are monitoring wells GM-61 and GM-17S. These two wells are in the immediate
vicinity of a production well and recharge basin, and are considered outlier wells and‘may.be‘

biased by the nearby pumping and recharge activity.

Results of the July 1992 validation show that the difference of modeled to measured water
elevation falls within the +2.0 ft criteria for the majority of the monitoring wells. A total of eight
wells fall outside the calibration 'criieria. Five of these wells, GM-6l, GM-17S, HN-8D, HN-29D
and HN-30l, are in the immediate vicinity of a production well or recharge basins, which are
considered outlier wells and were not included in calvculation'of mean error because they may be
effected by pumping or recharge activities. Three monitoring wells, GM-7D, GM-8S and HN-28I
showed a modeled to measured difference of greater than +2.0 ft. The remaining 51 of 59

monitoring wells fall within the £2.0 ft criteria.

10.1.7 Particle Tracking

MODPATH, a module 6f MODFLOW, was used to track the locations of particles after_é simulated
release of contaminants frprh SUSpected source areas. Particle tracking was performed to
determine the possible directions and rates that co‘ntaminants will move after a felease. S"ev'eral |
particle tracking scenarios were performed, each under a different pumping condition of Grumman
production wells and recharge basins, and with different BWD well pumping rates. The particle
traﬁ:king program MODPATH utilizes the groundwatér flow data generated by MODFLOW and
simulates advective transport of particles. Other contaminant transport parameters such as
diffusion, dispersion, contaminant half-life are not considered in the MODPATH‘simuIation‘s. All
MODPATH simulations were performed using the aqUifer parameters determined during model

calibration, for pumping scenarios run to a steady-state.

Particle tracking analysis is used to trace out ﬂqw' paths, expres;ed as lines, by tracking the
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movement of infinitely small imaginary particles. placed in the flow field. This process may also
be used to determine the capture zone ‘of a well by feleasing particles in a grid block, geherally

a well, and tracking the particles in reverse along pathlines to determine their source.

Particle Release Locations

Particle tracking analysis was performed for three separate release locations, listed below:

. Particles were released from possible contaminant sources at Site 1.

. Particles were released from possible contaminant sources at the NWIRP recharge
basins. ‘

. Particles were also released at the eastern BWD wells (BP-07, BP-08 and BP-09)

Particle tracks from the two potential source areas (Sife 1 and the NWIRP recharge' basins) were
tracked in the forward direction to determine where particles will move after a simulated release.
Particles were released from each of iheb »three“ BWD welis to the east of the NWIRP. These
'particles were backwards tracked to determine where they originated from and to define the

capture zone of each well.

Pumpihq Scenarios -

Three pumping conditions were considered for particle tracking simulations. These pumping
conditions were determined based on past, current and potentiél future pumping cénfigurations
at the Grumman production wells, recharge basins, and BWD wells. The emphasis of these
simulations was to determine where particles will move after a release from potential contaminant
sources and what effect if any, these potentlal contaminant sources wm have on BWD wells The

pumping.scenarios are summanzed below in Table 10-1:
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TABLE 10-1

SUMMARY OF PUMPING CONDITIONS USED IN PARTICLE TRACKING SIMULATIONS
NWIRP BETHPAGE, NEW YORK

Pumping Scenario

Grumman Production Well /
Recharge Basin Pumping
Rate

BWD Wells Pumping
Rate

Reason Considered

Current Conditions

1991, 1992 average

pumping rate/rechargé rate

1991, 1992 average

pumping rate

Current average conditions.

High Pumpi‘ng at
Grumman,

Scenario 1

‘Scenario 2

All wells at 75% of
maximum pumping

rate/recharge rate

1991 ,‘ 1992 average

pumping rate

| Likely historic cohditions.

All well at 75% of maximum

pumping rate/recharge rate

Maximum pumping

rate

Potential worst case historic

conditions.

‘No Pumping at Grumman,

Scenario 1

Scenario 2

No pumping or recharge

1991, 1992 average

pumping rate

Potential future scenario.

No pumping or recharge

Maximum pumping ;

.

rate

Potential future scenario.
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Current conditions o
Current conditions were simulated in order'to determine where contaminants may be moving
under the pumping conditions that exist currently. Production well pumping rates for éurrent
conditions at the Grumman‘s'ite were determined from 1991 and 1992 average pumping ra_té data.
BWD wells production rate data was determined from 1991 and 1992 average pumping rate data.
The BWD wells were considered to be pumping at 120% of 1991 and 1992 rates, and well BP-09
was considered to be active although it was taken off-line in 1991. These assumptions represent
conservative estimates of the current conditions at the BWD wells. Three recharge basins were
considered to be active on Hooker-Ruco property, recharging the aqunfer at a rate of 202 gpm per
basin (the.rate determined during model callbratlon) '

" Figures which illustrate the particle tracking pathlines for the current pumping situation are

provided in Section 8.0 of this Appendix.

Particle Tracking Results and Conclusions - CuiTent'Conditions:

. All particles released from Site 1 under current pumping conditions are captured
by Grumman PW-01. |

. Particles released from the NWIRP recharge basins show that 30% of particles
released are captured by Grumman production wells PW-01, PW—09 PW-10, PW-
-1, PW-15 and PW-16. The remaining 70% of the particles flow to the south

constant head boundary.» No particles. from the NWIRP recharge basins are
captured by BWD wells BP-10 or BP-11.

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north
constant head boundary. ‘

High Pumping Conditions ‘ - : _ ST
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The high pumping conditions were simulated to determine where particles may have moved from
contaminant sources during past pumping conditions.  Before 1985 higher rates 'of
pumping/recharge at thé Grdmman production wells and rebh_arge basins may have occurred due
to the increased manufacturing activity at the facility. High pUmping conditions at Grumman were
simulated by pumping all 14 production wells at 75% of 'maximumv capacity. Three recharge
basins were considered to be active on Hooker-Ruco property, recharging the aquifer at the rate
of 202 gpm per basin (the rate determined during model calibfation). |
Average and high pumping scenarios at the BWD wellé were considered for high pumping
conditions at Grumman production wells (as shown in Table 10-1). Average BWD well pumping
conditions were simulated by pumping atu_:t.he rate,'de't,ermined‘ from 1991 and 1992 average
pumping rate data. The BWD wells were considered to be pumping at 120% of 1991 and 1992
rates, and well BP-09 was considered to be active although it was taken off-line in 1991. These
assumptions represent conservati\)e estimates of the burrent conditions at the BWD wells. High
pumping conditions at the BWD wells were alsé simulated. In this scenario all BWD wells were

pumping at their actual (highest) capacity.

Particle Tracking Results and Conclusions - Grumman ngh Pumplng Condmons BWD Wells at
. Average Pumping Conditions:

. All particles released from Site 1 are captured by PW-14 and PW-05.

. 73% of particles released from the NWIRP recharge ba.svins are cap'ture'd by the
Gru'mma.n production wells, 24% reach the south constant head boundary, while

3% of particles reach BP-08 from the NWIRP recharge basins.

. The capture zones for BWD wells BP-07, BP-.08 and BP-09 extend primarily into
the north constant head boundary Some particles originate in the vicinity of the
- NWIRP recharge basms Three particles (4% of total) move from the north

recharge basins to BP- 08 whlle two particles (3% of total) move from northwest

of the NWIRP recharge basins to BP-09.

o [, S L T
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TABLE 10-2
‘'SUMMARY OF PARTICLE TRACKING RESULTS

NWIRP BETHPAGE, NEW YORK

€1-01

Grumman BWD Particle . Number Percentage of Particles Reaching Each Location
Pumping Pumping Release of - : ‘
Conditions | Conditions Location ::::;Z | Grumman Min./Max. Constant Min./Max. BWD Min/Max. .
PW/Basin | Travel Time Head Travel Time Wells Travel Time (yrs:)
Current Current Site' 1 48 100 % 14.8 /535 0% 0 0% 0 |
Conditions | Conditions :
. Recharge 96 30% 24/13.8 70% 20.4/55.5 0% 0
Basins ¢
BWD Wells (1) 72 0% - 100% . 171216 - -
Site 1 48 100% 3.8/11.8 0% - 0% 0
High Average - . ‘ T
: * | "~ Recharge 96 . 73% 0.8/40.4 - 24% 20.7/582 3% - 104 /241
Basins : ' ’ ‘ '
BWD Wells (1) 72, 7% 7.4/18.6 93% 1.6/34.9 - -
Site 1 48 100% 40/11.6 0% 0 0% 0
High High
Recharge 96 65% 0.8/30.3 2% 30.9/69.9 33% 7.4/49.5
"~ Basins .
BWD Wells @) 72 8% 7.11/15.4 "92% 1.2/26.6 - -
Site 1 48 0% 0o 100% 49.7 /58.5 0% 0
No Average
Pumping Recharge 0. - - - - - -
Basins (2) ;
BWD Wells (1) 72 0% .0 100% 2.8/18.8 - -
: Site 1 48 - 0% 0 - 0% 0 100% 48.8 /58.0 |
- No High »
Pumping . Recharge 0o - - - - - -
- Basins (2) .
. _ BWD Wells (1) 72 0% 0 100% 1.7/30.9 - -
(1) Capture zone analysis performed for 'B"—Vﬁ wells.

(2) Recharge basins inactive during No Pumping conditions.




Particle Tracking Results and Conclusions - Grumman High Pumping Conditions, BWD Wells at _
High Pumping Conditions '

o All particlé released from Site 1 are captured by PW-14 and PW-05.

. 65% of particles released from the NWIRP recharge basins are captured by
Grumman production wells, with 2% reaching the south constant head boundary.
BWD well BP-11 receives 19%, BGD-1 receives 7%, BP-08 receives 6% and BP-

. 09 receives 1% of the total particies released..

. The capture zones for BWD wells BP-07, BP-08 and BP-09 extend primarily into
the north constant head boundary, although 8% of particles move from the

Grumman north recharge basins to BP-08.

No Pumping Conditions at Grumman Production wells and Recharge basins

No pumping éonditions were simulated to determine how contaminants would move if Gfumman
production wells and recharge basins were inactive, and no pumping activity was occurﬁng at the
Grumman site. For this pumping scenario, all Grumman production wells and recharge basins
were inactive. Recharge . basms on Hooker-Ruco property were considered inactive. Two
separate scenarios were considered for past pumpage conditions at the BWD wells during no -
pumping conditions at the Grummén site (as shown in Table 10-1). Average pumping conditions

and high pumping conditions for the BWD wells were simulated. These two pumping conditions "
for the BWD wells are the same as those used for the h|gh pumping condmons at Grumman }

production wells and basins.

Particle Tracking Results and Conclusions- No Pumping at Grumman, BWD Wells at Average

- Pumping Conditions

10-14



. Particles released from Site 1 move to the south constant head boundary.

. The capture zone for BWD wells BP-07, BP-08 and BP-09 extends into the north
constant head boundary.

Particle Tracking Results and Conclusions - No Pumping at Grumman, BWD Wells at High
Pumping Conditions o ’

. 42% of the particles released from Site 1 were captured by BP-10, and 58% were
captured by BP-11

. . The capture zone for BWD welie BP-07, BP-08 and BP-09 extends into the north
constant head boundary.

10.1.9 Sensitivity Analysis

Sensitivity analysis is the process of characterizing the effects of changes in‘model parameters
on the behavior of the calibrated model. Sensitivity analysis for the groundwater flow model
included increasing and decreasing aquifer parameters incrementaiiy and comparing the resulting
changes in modeled heads to the calibrated values of he‘adv' The magnitude of change in heads
from the calibrated solution is a measure of the sensitivity of the solution to that particular

parameter. Addltronal discussion of sensmwty analysis procedures and results are presented in
Section 9.0. '

Horizcntal hydraulic conductivity values were increased and decreased by 25% and 50% for the
sensivtivity analysis. Sensitivity analysis results for hydraulic conductivity show that a decrease
of 50% results in a significant increase in both mean error and absolute residual, indicating the
model results are sensitive to an decrease of greater than 25% of horizontal hydraulic conductivity -
compared to calibrated values. The model results are not highly sensitive to an increase of up
to 50% or a decrease of up to 25% for Horizontal hydrauhc conductivity. However while the

modei resuits may not be highly sensitive to changes in horizontal conductiwty of this magnitude

10-15



these changes do produce less favorable solutions than the calibrated model.

Vertical hydraulic cbnductivity values were ihc_reased and decreased by 25% and 50% for the:
sensitivity analysis. Senéitivity analysis results show that the model is sensitive to a decrease
of greater than 25% of vertical hydraulic conductivity. The model results are not highly sensitive
to an increase of up to 50% and a decrease of up fo 25% for vertical hydraulic conductivity.
However, while the model results may not be highly sensitive to changes in vertical hydraulic

conductivity of this magnitude, these changes do produce less favorable solutions than the

calibrated model.

Storage values were increased and decreased‘by 25% for the sensitivity analysis. Storage valbues
are used by MODFLOW only duﬁng transient simulations, therefore the effects of the sensitivity
ana(ysis results were determined by comparing the calibrated time-drawdown curves to the
sensitivity analysis curves for the pump test #1 simulation. These curves indicate that the model
results are sensitive to an increase of greater than 25% of the siorag'e value and'that the rﬁodel

is less sensitive to a smaller increase in storage of 25% or less.

Porosity values were increased and decreased by 25% for tHe sensitivity analysis. Porosity -
values are not used in the flow model, although they are incorporated into the particle tracking
module MODPATH. Chan»ges in porosity will not effect particle flow direction but will éffect the’
travel time of the particle. Results show that there is a direct felationship between the porosity
and the travel time of a parﬁclé moving through the aquifer. A 25% increase or decrease in

‘porosity results in the same amount of change in the total travel time of a particle through the

aquifer.

Recharge values were increased and decreased by 25% and 50% for the sensitivity analysis.
Changes in the recharge to the system exhibit a linear relationship to the mean error and absolute
residual values, with an equal amounts of mean error increase and absolute residual error

increase being incurred regardless of weather recharge is increased or decreased.

To determine the effect of more distant boundariesbn the capture zone of the eastern BWD wells

(BP-07, BP-08, BP-09) the northern constant head boundary conditions in the MODFLOW model
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were moved 1400 ft to the north, a 40% increase in the distance from the BWD welis to the north
constant head boundary. .The results of the sensitivity analysis show that under average or high
pumping conditions at the BWD wells the capture zone of these wells is not significantly

increased if the north constant head boundary is moved 1400 ft north.

10.1.10 Summary of Modeling Results

The computer modeling performed for the NWIRP site accurately simulated water levels in 56 of
61 monitoring wells in the February, 1992 pumping condition and accurately' simulated water
levels in §5 of 61 monitoring wells in the August, 1992 pumping condition. The wells which fell
outside the calibration criteria aré in the immediéte vicinity of active production wells or recharge
basins, which may account for these disparities. Statistfcal analysis (linear regression and
residual contour plots) performed on the calibréted steady-state model data indicates a nearly
direct correlation in modeled and measured values of head, and that no signiﬁcant trends exist

in the distribution of model error. .

Model simulation of pumping test #1 showed véry similar results‘ to data measured during the
pumping test. A comparison of measured anrd rﬁodeled drawdowns (in the pumping well and the
observation wells) shows very close agreeméﬁf;of measured and modeled da_ta. In addition, the

time-drawdown curves for modeled and mea_sured data 'exhibit' very similar results. The
~ simulation of pumping test-#2 was more difﬁ_gult because of the small amounts of drawdown
produced in ‘the observation wells and dué‘ .t.o the size of the model grid-blocks. Model

simulations were within 1.0 ft of measured drawdowns for pumping test #2.

During model validation, the model was used to simulate water elevations for two months of data.
The model accurately predicted water levels in 59 of 61 monitoring wells in the January, 1992

pumping condition and accurately simulated water levels in 54 of 61 monitoring wells in the

August, 1992 pumping condition.

Sensitivity analysis was conducted for all aquifer parameters. Results indicate {hat the model |s |

not highly sensitive to increases in horizontal or vertical hydraulic conductivity of up to 50% of
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calibrated values. The model showed significantly increase’d error if horizontal or vertical
hydraulic conductivity were decreased more than 25% from calibrated values. . Time-drawdown
curves for shallow monitoring wells indicate that the model is sensitive to and increase in storage
of 25%. Recharge and porosity exhibit linear (predictable) effects on model output. Sensitivity
analysis indicates that moving the north constant head boundary 1400 ft to the north does not

have a significant effect on the capture zones of the BWD wells BP-07, BP-08 and BP-09.

Table 10-3 summarizes particle tracking results form Grumman production wells énd BWD wélls,
I and when these wells are effected by particle releases. Particle tracking indicates that under
~ current pumping conditions particles released from Site 1 will be captured by Grumman
production wells, and BWD wells will not capture particles from the NWIRP recharge basins.
Under high pumping (past) conditions at Grumman and average BWD ratves, Site 1 particles are
- captured by Grumman production Wells. A small number of particies may effect BWD well BP-08,
and to a lesser extent, BWD well BP-09. If Grumman production wells and BWD wells pump at
a high rate for sustained periods (as simulated by the steady-state model), all Site 1 particles are
captured by Grumman production wells, and 19% of the particles released may move from the
NWIRP recharge basins to BWD wélls, These pumping conditions may have occurred for short
time periods in the-pastj,‘_ althpugh~the ‘high pumping .conditions may not have .continued for
extended periods of time as sir'nulatevd in the steady-state model runs. Assuming no Gfumman
production well or recharge basin activity and average pumping conditions at the BWD wells, Site
1 particles move to the southern constant head boundary, and the capture zone of the BWD wells
is not effected by NWlRPJech'arg'e basins.. Under high BWD well pumping rates, particles
~ released from Site 1 are captured by BWD wells BP-10 and BP‘-11. | |
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TABLE 10-3

SUMMARY OF FORWARD TRACKING RESULTS
NWIRP BETHPAGE, NEW YORK

amount of particles released.

Particle Wells Effected
Grumman BWD Wells Release - -
Pumping Rate Pumping Rate Location Grumman Eastern BWD Southern BWD
‘ Production Wells - Wells
Wells (BP-7,BP-8,BP-9) | (BP-10,BP-11)
Current Average Site 1 ¢ N N-
Conditions - : - . ‘
- NWIRP Basins Y N N
High Pumping Average Site 1 Y N . N
NWIRP Basins Y S N
High Pumping | High Site 1 Y N N
NWIRP Basins Y Y Y
I No Pumping Average Site 1 N N N
No Pumping High Site 1 N N Je Y
. i - HE—
Y =

Well is effected by particles from release source (well captures more than 5% of the total

S= Well is slightly effected by particles from release source {well captures less than 5% of the total

particles released).

N= Well is not effected by'partiéles from release source.
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